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DISSERTATION ABSTRACT 
 
Annika Andersson  
 
Doctor of Philosophy 
 
Department of Psychology 
 
June 2012 
 
Title: Second Language Acquisition in 6- to 8-year-old Native Spanish-Speaking 
Children: ERP Studies of Phonological Awareness, Semantics, and Syntax 
 
 
Most people in the world and about a fifth of all school-aged Americans speak at 
least two languages. Nevertheless, little is known about second language (L2) processing 
in development, even though language proficiency is strongly related to success in almost 
all domains. Whereas behavioral studies of L2 acquisition in children are abundant, 
neurocognitive studies of L2 processing typically are limited to adults with several years 
of exposure, who may use general cognitive mechanisms to compensate for any 
difficulties in L2 processing. 
Research on bilingual adults suggests that age of acquisition (AoA) and proficiency 
have different effects on different aspects of L2 processing. The present study therefore 
recorded event-related brain potentials (ERPs) in order to index processes of phonological 
awareness (Rhyming effect: RE), semantics (N400), and syntax (LAN, P600) in bilingual 
and monolingual children 6-8 years of age. Even though behaviorally, bilingual children 
with an average AoA of 4 years had lower English proficiency than monolingual children, 
proficiency predicted similar differences in ERPs across groups: greater proficiency was 
linked with shorter latencies and higher amplitudes of all ERP components. Latency in 
these cases represents speed of processing while amplitude of ERP effects in children can 
 v 
 
 
be thought of as an indication of detection of the introduced violations.  
The appearance of the anterior rhyming effect, latency of the posterior rhyming 
effect, along with the distribution of the anterior ERP effect for phrase structure 
violations were related to AoA. More specifically, bilingual 6- to 8-year olds of higher 
English proficiency processed rhyming nonwords slower than 3- to 5-year-old 
monolingual children, which could have a strong impact on later vocabulary acquisition. 
Differences across lingualism groups in distribution of the anterior negativity elicited by 
phrase structure violations could indicate different neural generators for processing of 
syntax. Noteworthy is that differences in processing as illustrated by these ERP effects 
were recorded even though in both these cases bilingual children’s English proficiency 
were within the normal range expected of monolingual children of similar age. Early 
acquisition was thus important for processing of rhyming and for more automatic 
syntactic processing as revealed by differences in the anterior negativity. 
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 1 
CHAPTER I 
GENERAL INTRODUCTION 
 Most people in the world speak at least two languages (Tucker, 1999). Though 
behavioral studies of second language (L2) acquisition in children are abundant, most 
neurocognitive studies of second language acquisition investigate adults with several 
years of second language experience. However, adults and children may acquire and 
process a second language in very different ways. For example, adults could rely on 
mature, general cognitive strategies to compensate for any difficulties in processing a 
second language. In contrast, children have been suggested to use implicit learning and 
procedural memory in L2 acquisition (e.g., Cepeda, Karmer, & Gonzales de Sather, 2001; 
Luciana, Conklin, Hooper, & Yarger, 2005; Paradis, 2004; Tam, Jarrold, Gaddeley, & 
Sabatos-deVito, 2010). As a result, what is known about L2 processing in adults may not 
directly apply to children.  
A greater understanding of L2 processing in children has several important 
implications. In the United States, the population that is bilingual is steadily increasing 
and is currently about 20% of the school-aged population (Cheesman, & Jamieson, 2003). 
The majority of this group has Spanish as their first language (L1). The US is thought of 
as a melting pot where individuals with diverse cultural and language backgrounds merge 
together. Therefore, it has always been very important that there is one shared language 
(Portes & Rumbaut, 2006). More knowledge about bilingual children’s L2 processing 
could potentially help in developing interventions for L2 acquisition. Such interventions 
are likely to have a particularly large impact for the native Spanish-speaking bilinguals in 
the US who are especially prone to school failure (Institute of Education Sciences, 2006). 
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Since language is critical for success in almost every domain, there is a need to identify 
the best policies to help bilingual children to succeed. The studies presented here offer 
valuable information about not only bilingual children’s second language processing, but 
also the role of language experience in shaping brain organization. 
Studies of language proficiency and its relationship to age of acquisition (AoA) 
describe a nonlinear function (Misrachi & Denney, 1979; Snow & Hoefnagel-Hohle, 
1978). In early stages of acquisition age, is positively related to performance, but with 
longer exposure the relationship reverses. More specifically, during the first months of 
immersion adults and older children (12-15 years old) outperformed younger children on 
tests of L2 proficiency that measured vocabulary, receptive and expressive language, 
phonology (pronunciation and discrimination), syntax, and morphosyntax (Snow & 
Hoefnagel-Hohle, 1978). At the end of the first year of exposure, these older children and 
slightly younger children (8-10 years old) performed better than adults. The youngest 
children (3-5 years old) still performed worse than each of the other groups. These data 
indicate that adults reached their maximum proficiency level at an earlier time than 
children who continued to improve. In a study specifically focused on phonology, child 
and adult participants were asked to imitate foreign sounds in a laboratory setting. After 
initial immersion in the L2, adults were better than younger children at producing L2 
sounds. However, the youngest children performed better than adults by the end of the 
first year of acquisition (Snow & Hoefnagel-Hohle, 1977). The initial advantage in L2 
acquisition for adults and older children has also been reported by others (e.g., Misrachi 
& Denney, 1979). One interpretation of these results is that during language acquisition 
adults rely on metalinguistic skills and declarative memory to a greater extent than 
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children, and therefore show more rapid improvements in L2 processing with even less 
exposure (Paradis, 2004; Snow & Hoefnagel-Hohle, 1978).  
However, the relationship between AoA and ultimate attainment of L2 appears to 
be in the opposite direction. An investigation of native Spanish speakers’ pronunciation 
of L2 English reported an interaction of sex, AoA, and length of exposure to L2. This 
interaction was driven by the fact that near-native pronunciation was most common in 
female speakers with an AoA of less than 6 years who had lived in the US between 5 and 
8 years (Asher & Garcia, 1969). Oyama (1976) reported that native Italian speakers who 
acquired English at a younger age showed more native-like L2 pronunciation, and that 
pronunciation tended to be better with longer exposure. Similar results were found in 
studies of L2 phonological processing in adults who differed by AoA (e.g., Flege, Yeni-
Komshian, & Liu, 1999). Further, the same pattern has been reported for the effects of 
AoA on syntactic performance. Grammaticality judgments were more accurate in adults 
who acquired an L2 at a younger age, as long as acquisition began before puberty 
(Johnson & Newport, 1989). In summary, younger children acquire L2 at a slower rate 
than adults, but ultimately attain higher proficiency. Conversely, adults show faster 
improvement in the initial stages of L2 acquisition, but reach their plateau at lower 
proficiency than do children. The results of behavioral studies provide a description of L2 
skill that includes performance on a range of tasks that index phonological, syntactic, and 
semantic abilities. However, behavioral studies provide only limited information about 
the mechanisms underlying second language processing that give rise to these AoA-
related effects. 
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One approach to understanding how language processing is related to AoA and 
proficiency at the level of neural systems is to use electroencephalogram (EEG), which 
provides excellent temporal resolution of event-related neurophysiological activity. EEG 
that is time-locked to critical words (i.e., Event Related Potentials, ERPs) differs in 
specific ways depending on the context in which those words are presented. For example, 
the rhyming effect (RE or N450) is a reduced negativity in response to target words that 
rhyme with the primes (see Chapter II, and III). The semantic effect, N400, is a larger 
negativity evoked by words that are incongruent with their semantic contexts (see 
Chapter IV). Two components are thought to index syntactic processing. Syntactic 
violations, including illegal phrase structure, typically elicit a left anterior negativity 
(LAN) and a later posterior positivity (P600; see Chapter V). These ERP effects (e.g., 
N400 and LAN) have shown different relationships with proficiency and AoA. 
More specifically, several studies claim that proficiency predicts processing of L2 
semantics, while AoA is the better predictor for processing of L2 syntax (Wartenburger, 
et al., 2003; for a review see Hernandez & Li, 2007). Wartenburger and colleagues’ used 
fMRI measures to compare second language processing in equally high-proficiency 
individuals who acquired L2 early and late. Interestingly, there were no differences in 
brain activation related to semantic processing. However, there were differences between 
the groups for syntactic processing. These results suggest that AoA affects the neural 
systems involved in processing syntax but not semantics.  
Similar results have been found in studies that employed ERPs. Monolingual 
adults and those who acquired L2 prior to 11 years of age evidenced identical responses 
to words that were incongruent with the semantic context (i.e., an N400) (Weber-Fox & 
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Neville, 1996). With an AoA of more than 11 years, the semantic effect started later. 
However, the latency difference could be related to proficiency, which was lower in the 
groups who acquired L2 later. The hypothesis that proficiency, rather than AoA, affects 
L2 semantic processing has been supported by ERP data from the same individuals 
processing their L1 and L2. Specifically, the N400 started earlier in monolinguals 
compared to bilinguals processing their L1, and was earlier in bilinguals processing their 
L1 compared to L2 (Ardal, Donald, Meuter, Muldrew, & et al., 1990; Moreno & Kutas, 
2005). Since L1 acquisition is assumed to have occurred at the same age in monolinguals 
and bilinguals, this finding provided compelling evidence that proficiency, rather than 
AoA, affects L2 semantic processing. In contrast, delaying language acquisition as little 
as 3 years had an impact on syntactic processing (Weber-Fox & Neville, 1996). The 
authors of this study suggested, as did Wartenburger and colleagues (2003), that semantic 
processing is less vulnerable to AoA effects than syntactic processing.  
Rossi, Gugler, Friederici, and Hahne (2006) claim that proficiency is also an 
important factor for syntactic processing. However, all of the participants in this 
particular study acquired L2 after 10 years of age. The reported lack of a relationship 
between AoA and brain organization for language processing may have been driven by 
including only late-learners of L2 rather than an absence of AoA effects across a broader 
population. It is possible that age at L2 acquisition is the better predictor for native-like 
syntactic processing in pre-pubertal acquirers, whereas proficiency predicts processing in 
later learners. Proficiency and AoA are strongly related in adult bilinguals. As follows, it 
is often difficult to tease proficiency and AoA apart and explore their respective effects 
on brain organization. However, others have successfully done this using partial 
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correlations with ERP measures of monolingual syntax processing (Pakulak, 2009) and 
with individual differences in multiple measures of cognitive processing and ERP effects 
of visual attention (Drew & Vogel, 2008). In both cases the relationships between 
confounding variables (e.g., proficiency, working memory, and education level) and the 
amplitude of the ERP measures were explored such that specific relationships of interest 
could be separated from that of other variables. 
As reviewed above, AoA relates differently to distinct aspects of language 
processing, including phonology, semantics, and syntax. The construct of sensitive 
periods can account for the pattern of relationships since the neural systems underlying 
phonological, semantic, and syntactic processing show different patterns of plasticity 
during development. Other theories attempt to explain the pattern based on the 
similarities between L1 and L2 rather than neural mechanisms. Hernandez, Li, and 
MacWhinney, (2005) suggest that the emergentist theory is a promising alternative to 
sensitive periods. This theory focuses on the competition between the two languages (L1 
and L2) and on entrenchment (i.e., L1 becoming ingrained). The bilingual speaker can be 
explained as having learned, for example, L1 phonology to the extent that it is entrenched 
and therefore affects perception and production of L2 phonemes (Flege, Frieda, & 
Nozawa, 1997). For the same reason, novel phonemes (that exist only in L2) could be 
more difficult to perceive and produce (McClelland, 2001). This proposal predicts 
transfer effects from L1 to L2 such that late learners will struggle with aspects of L2 that 
compete with L1 and succeed with features that are shared between the two languages.  
In an attempt to investigate the effects of AoA on language processing and control 
for L1 entrenchment, Pallier, and colleagues (2003) studied adults who were born in 
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Korea and adopted after L1 acquisition (3-8 years of age) into French monolingual 
families. In behavioral tests, the adoptees were no better than monolingual French 
participants in recognizing auditorily presented Korean sentences among other languages, 
or determining which of two auditorily presented Korean words matched a visually 
presented French word. Importantly, there were no differences in the location of brain 
activity as recorded by fMRI to sentences in either French or Korean in comparison to 
French monolinguals. These results suggest that adults without an entrenched L1 process 
L2 in the same manner as native speakers. However, the group of monolingual French 
participants had a larger activation level than adoptees and the study did not include 
Korean-French bilingual adults with similar L2 AoA. As such, the lack of L1 
entrenchment may not fully explain native-like processing of L2. Further, although 
entrenchment has been defined in psychological terms, it is not clear whether it is distinct 
from the biological mechanisms of sensitive periods. It is probable that the two terms 
sensitive periods and the entrenchment of L1 (which both are related to impedance in 
acquisition of novel aspects of L2) and that coincides are two types of descriptions of the 
same phenomenon. 
 Several studies report differences in L2 proficiency that are dependent on the 
similarities of L1 and L2 (e.g., Bialystok & Miller, 1999; Dowens, Vergara, Barber, & 
Carreiras, 2010; Sabourin & Stowe, 2008; Sabourin, Stowe, & de Haan, 2006). Bialystok 
and Miller (1999) investigated sensitive periods by comparing L2 English proficiency in 
native Chinese and native Spanish speakers divided by pre- or post-pubertal AoA. For 
native Spanish speakers, adults who learned English before adolescence performed better 
on tests of English grammar. However, no effects of AoA on L2 proficiency were found 
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in native Chinese speakers. The authors suggested that the critical difference between 
these two bilingual groups was the relationship between their L1 and L2. However, they 
conceded that there were additional differences between the native Chinese and native 
Spanish speakers in overall proficiency, AoA, and length of L2 exposure.  
Dowens and colleagues (2010) used ERPs to investigate the hypothesis that AoA 
effects are largest on L2 structures that do not appear in L1. English (L1)-Spanish (L2) 
bilingual participants and native Spanish speakers read Spanish sentences containing 
number agreement violations (e.g., *Los suelo está plano y bien abacado, The masculine plural 
floor masculine singular is flat and well-finished) and gender agreement violations (e.g., *La 
suelo está plano y bien abacado, The feminine singular floor masculine singular is flat and well-
finished). These two morphosyntactic features were chosen since both English and 
Spanish require number agreement (e.g., The singular floor singular is singular flat and well-
finished) while only Spanish requires morphosyntactic gender agreement. Behaviorally, 
most of the errors made by English-Spanish bilinguals were on gender agreement while 
most of the errors made by native Spanish speakers were on number agreement. Position 
of the violation at the beginning or in the middle of the sentences was also varied (i.e., 
either the determiner or the verb did not agree with the noun). Monolingual participants 
showed no differences in their biphasic ERP responses (a LAN followed by a P600) by 
type or position of the violation. However, both components were affected in bilinguals. 
The LAN in response to gender agreement violations was only evident in the higher 
proficiency bilinguals, and then only when the violation occurred at the beginning of the 
sentence. The P600 was larger for number than gender agreement violations in both 
groups, reflecting a possible effect of L1 morphosyntax on L2 processing. The same 
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results have previously been reported on L2 gender agreement in adults with L1s that 
differed in the use of gender (Sabourin & Stowe, 2008). These studies suggest that even 
in late acquisition, L2 constructs that are present in L1 can be processed in a native-like 
manner. 
Although there are clearly effects of the similarities of L1 and L2 on L2 
proficiency, the concept of entrenchment is not necessary to explain these relationships. 
Further, entrenchment theories fail to fully predict the patterns of L2 proficiency for 
subsystems of language. In contrast, there is ample evidence for differences in the time 
course of plasticity in the neural systems underlying distinct subsystems of language 
processing. For example, declarative memory and explicit learning are less sensitive to 
the timing of acquisition than procedural memory and implicit learning (Paradis, 2004). 
Thus, vocabulary acquisition that is subserved by declarative memory is less affected by 
AoA than syntactic and phonological skills that are subserved by procedural systems. 
Further, children are more likely than adults to acquire their second language through 
implicit learning (Paradis, 2004). This difference in how language is acquired could 
explain why there is little variability in processing a language learned early in life and 
large variability in language processing for late learners. The cognitive strategies (e.g., 
metalinguistic knowledge and pragmatics) adopted by late learners are likely to differ 
across individuals (Birdsong, 2006; Johnson & Newport, 1989) resulting in AoA effects 
on fMRI and ERP measures even for L2 learners who perform like native speakers on 
behavioral tests.  
The current studies are focusing on investigations of L2 processing in 6- to 8- 
year old bilingual children using ERPs. Since the effects of AoA are distinct for 
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subsystems of language, phonological, semantic, and syntactic aspects of language 
processing were assessed. More specifically, phonological awareness was measured as 
processing of rhyming and nonrhyming nonwords (Chapter III). Semantic processing was 
measured by comparing ERPs elicited by words that varied in congruency with the 
semantic context of sentences (Chapter IV). Syntactic processing was measured by 
comparing responses to words that met or violated phrase structure rules (Chapter V).  
ERP effects of rhyming had not been studied in bilingual children or monolingual 
children of younger ages prior to the current studies. More knowledge of the development 
of ERP effects of rhyming in monolingual children were essential to obtain to enable 
comparisons of processing of L2 phonology in bilingual children with that of 
monolingual children with similar proficiency. Therefore, it was first necessary to adapt a 
paradigm previously used with 6- to 8-year-old monolingual children for use with 3- to 5-
year old monolingual children. Accordingly, an experiment on rhyming processing in 
monolingual 3- to 5-year-old children was conducted (Chapter II). Then data were 
collected from 6- to 8-year-old bilingual children using identical procedures (Chapter III). 
By comparing phonological processing in bilingual children to that in monolingual 
children of the same and younger ages, it was possible to describe the effects of 
lingualism (i.e., monolingual, bilingual) and AoA as well as determine whether the 
patterns observed in bilingual children were primarily driven by proficiency or maturity. 
A similar approach was taken to explore semantic and syntactic processing in bilingual 
children. 
Chapters following this main introduction (except that of the main discussion) 
follow a research article structure. More specifically, introductions of previous results 
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pertaining to the specific aspect (phonology, semantics, and phrase structure) are 
described first and followed by sections describing the method, results, discussion, and 
conclusion. The last chapter of this dissertation, the main discussion, summarizes the 
results from the previous chapters and provides a discussion of how monolingual and 
bilingual 6- to 8-year old children’s processing is related to AoA and proficiency. This 
includes a discussion of similarities and differences of AoA and proficiency effects on 
processing across rhyming, semantics, and phrase structure. 
The exploration of the three aspects of language acquisition, i.e., phonology, 
semantics, and syntax were motivated by previously reported positive relationships 
between proficiency in phonology and vocabulary acquisition (e.g., Kuhl, Conboy, 
Padden, Nelson, & Pruitt, 2005), and between vocabulary and syntax acquisition (e.g., 
Marchman, Martínez-Sussmann, & Dale, 2004). That is, with faster processing of 
phonemes and higher awareness of phonology the faster vocabulary acquisition. The 
awareness of a difference of less than 50 ms in voice onset time between two phonemes 
(e.g., /b/ and /p/) is crucial for perceiving words as minimal pairs (e.g., bat and pat), that 
is perceiving these as two different words despite their phonological similarities. Later 
when the vocabulary size has reached a certain threshold syntax and morphosyntax is 
acquired.  For example prior to a discovery and generalization of syntactic patterns 
enough vocabulary items need to have been acquired. Accordingly, phonological 
awareness could be thought of as the foundation for vocabulary acquisition that is in turn 
the foundation for syntax acquisition, thus phonological awareness is the first and most 
important aspect in language acquisition. 
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Another motivator to explore the three aspects of language acquisition was the 
different relationships with proficiency and AoA found in neurocognitive studies of 
adults (e.g., Weber-Fox & Neville, 1996) and behavioral studies of adults and children 
(e.g., Johnson & Newport, 1989). More specifically, vocabulary acquisition that is 
subserved by declarative memory has been shown to be less sensitive to AoA effects in 
neurocognitive studies (e.g., Weber-Fox & Neville), while syntax acquisition that is 
subserved by procedural memory has been shown to be more sensitive. Paradis (2004) 
suggests that both the acquisition of phonology and syntax are subserved by procedural 
memory that is more sensitive to maturation.  
Behavioral studies have found early acquisition to be positively related to AoA 
and final attainment to be negatively related to AoA. This shift from a positive to a 
negative relationship occurs earlier for phonology than syntax. Therefore I expected to 
find stronger relationships with AoA in the neurocognitive measures of phonology than 
syntax though neurocognitive measures of phonological awareness. Though the latter has 
not earlier been explored in the bilingual population. The lack of variability in the AoA 
measure in these studies of children was predicted to reduce the possibility to replicate 
the relationships between ERP measures and AoA that has previously been found in 
adults with AoA ranging from 1-16 years (Weber-Fox & Neville). In addition, the 
similarities of Spanish and English compared to language pairs in earlier studies (e.g., 
Chinese-English in Weber-Fox and Neville, 1996) was thought to reduce the variability 
in the ERP effects when comparing monolingual and bilingual children.  
 It has repeatedly been argued that behavioral studies of proficiency are biased 
against bilingual children (e.g., Restrepo & Silverman, 2001). The critique has not been 
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limited to the content in the proficiency tests but instead included also differences in test-
taking, as in the U.S. bilingual children are less accustomed to being tested than 
monolingual children. By utilizing the neurocognitive measure of ERP that does not 
require any response differences in test-taking are eliminated. The sensitivity of the ERP 
measures reduces the need of employment of increasingly more difficult tests. Instead, 
early acquired words in simple sentences can be used. Further, a study comparing 
reaction time to rhyme judgments of words that did or did not rhyme was slower for 
children compared to adults. However, no differences were found in the onset latencies of 
the ERP rhyming effect (Coch, Grossi, Coffey-Corina, Holcomb, & Neville, 2002), 
suggesting the ERP effect was a less biased and a more valid measure.  
The aim of these studies is to investigate how bilingual children’s processing of 
their second language corresponds to that of similar or younger aged monolingual 
children and to that of bilingual adults with similar AoA. The studies cover three aspects 
of language (phonology, semantics, and syntax), and can therefore provide broad 
knowledge of similarities and differences in processing of a first and a second language 
in children. Proficiency effects on processing within and across lingualism group were 
explored. Both quantitative (ERP amplitude and latency) and qualitative (ERP polarity 
and distribution) differences across lingualism group were predicted to be specific to the 
type of language processing that was measured. The results of the current studies broaden 
our knowledge of how experience shapes brain organization, further our understanding of 
second language acquisition and processing, and move towards a better understanding of 
L1 acquisition. That is, a deeper understanding of the ways in which L2 processing are 
related to AoA and proficiency, and how processing develops during child L2 
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acquisition, is expected to be important for supporting optimal language acquisition 
throughout the population.  
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CHAPTER II 
AN ERP STUDY INVESTIGATING PROCESSING OF RHYMING NONWORDS IN 
3- TO 5-YEAR OLDS 
1. Introduction 
 Whether it is the newspaper you read first thing in the morning, or the menu in the 
coffee shop to ensure you get the proper amount of caffeine in your latte, it is difficult to 
imagine how we could go through an entire day without reading a word. Our society 
relies on us having the ability to read. Therefore, it is essential to understand typical and 
atypical development of these skills. The current study is an investigation of one aspect of 
phonological awareness (PA), a precursor of and correlate to reading skill. There are 
ample behavioral studies demonstrating a relationship between PA and reading skills 
(e.g., Lundberg, Frost, & Petersen, 1988), but few that contribute to an understanding of 
the neural basis of this critical ability. Previous event-related potential (ERP) studies 
suggest electrophysiological measures may provide an index of PA even in children who 
are not yet able to accurately perform phonological tasks (Coch, Grossi, Skendzel, & 
Neville, 2005). By employing this technique with 3- to 5-year-old children it becomes 
possible to explore differences in PA that are best attributed to overall maturity (i.e., age) 
and to language proficiency.  
Children’s awareness of the sounds in their language is related to subsequent 
reading and writing skill. Measures of PA in preliterate 6-year-old children predict 
literacy skill as much as 11 years later (MacDonald & Cornwall, 1995). Further, PA can 
explain as much as 78% of the variance in reading skill when vocabulary, age, 
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intelligence, and socioeconomic status (SES) are taken into account (Bryant, MacLean, 
Bradley, & Crossland, 1990; Gathercole, Willis, & Baddeley, 1991; Juel, Griffith, & 
Gough, 1986).1 PA is thought to be crucial for understanding the alphabetic principle 
underlying grapheme to phoneme correspondences in reading (Bryant, et al., 1990; 
McBride-Chang & Kail, 2002). Rhyming, one of the earliest-developing PA skills (Wood 
& Terrell, 1998), has been found to predict reading ability both directly and indirectly. 
Rhyming words often share spelling patterns, such as that in beak and peak, that children 
are able to rhyme take advantage of (Goswami, 1988, 1994; Wood & Farrington-Flint, 
2001). Further, rhyming ability predicts phoneme-level awareness, which is critical for 
decoding grapheme-phoneme relationships (Bryant, et al., 1990). As such, preliterate 
children’s ability to detect rhyme is one of the best predictors of initial reading 
development (Ellis & Large, 1987; Gathercole, et al., 1991; Maclean, Bryant, & Bradley, 
1987; Wood & Terrell, 1998). 
ERPs provide an important tool for investigating the neural underpinnings of 
rhyming ability in young children. The measurements have a temporal resolution in the 
millisecond range, yet are non-invasive and do not require a behavioral task young 
children might be unwilling or unable to perform. Coch and colleagues (2002) used ERPs 
to compare auditory rhyme processing in adults and children who were at least 7 years 
old. Both reaction times (RT) for rhyme judgments and ERPs were recorded while pairs 
of words were presented (Coch, et al., 2002). Although children’s RTs were significantly 
longer than adults’, no differences in the ERP rhyming effect were found between groups 
(details on effects follow below). This pattern of findings suggests that children’s longer 
                                                
1However, SES in itself is also an important predictor of early literacy skills (D'Angiulli, 
Siegel, & Hertzman, 2004; Korat & Levin, 2002; Noble, Farah, & McCandliss, 2006). 
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RTs were the result of immature motor skills, or slower overt judgments, rather than 
slower processing of the phonological information. ERP studies of rhyming in even 
younger children are warranted since PA is important for later literacy acquisition, rhyme 
processing is a PA skill that develops early, and ERPs provide a measure of rhyme 
processing that is not confounded with the many other skills involved in providing 
behavioral responses. Additional information about the early development of PA may 
further lead to effective interventions for children at risk for reading deficits.  
The ERP rhyming effect (RE) has been replicated across a number of studies with 
adults (e.g., Coch, George, & Berger, 2008; Coch, Hart, & Mitra, 2008) and older 
children (Ackerman, Dykman, & Oglesby, 1994; Coch, et al., 2002; Coch, et al., 2005; 
Grossi, Coch, Coffey-Corina, Holcomb, & Neville, 2001; Lovrich, Cheng, & Velting, 
1996, 2003; Weber-Fox, Spencer, Cuadrado, & Smith, 2003; Weber-Fox, Spruill Iii, 
Spencer, & Smith, 2008). The RE is a reduced negativity over central and posterior 
regions, that peaks around 450 ms after the onset of targets that rhyme with the preceding 
primes. Studies that used visual stimuli reported a right-lateralized or bilateral posterior 
RE (Grossi, et al., 2001; Rugg, 1984a, 1984b; Weber-Fox, Spencer, et al., 2003, but see 
also McPherson, Ackerman, Holcomb, & Dykman, 1998; McPherson, Ackerman, 
Oglesby, & Dykman, 1996). Auditory stimuli have, typically elicited an RE with a 
similar distribution, though in some cases it was left rather than right lateralized (Coch, et 
al., 2002; Coch, et al., 2005; Dumay, et al., 2001; McPherson, et al., 1998; McPherson, et 
al., 1996; Praamstra, Meyer, & Levelt, 1994; Praamstra & Stegeman, 1993). The 
difference in lateralization for visual and auditory stimuli is reminiscent of a similar 
modality effect on the distribution of the N400 in sentence processing studies (Holcomb 
 18 
& Neville, 1990). Modality effects on the latency of the RE and N400 are also similar; 
both show an earlier onset in the auditory modality. Phonological and lexical access may 
be faster from auditory input (Pérez-Abalo, Rodriguez, Bobes, Gutiérrez, & Valdes-Sosa, 
1994). In addition to the smaller posterior negativity for rhyming targets, several studies 
also reported a larger negativity over anterior and central regions for rhyming targets 
(e.g., Coch, et al., 2002; Coch, et al., 2005; Grossi, et al., 2001).  
Whether or not participants engage in a phonological processing task also seems 
to modulate the RE. Some authors have reported a RE even when participants attended to 
semantics (e.g., Praamstra & Stegeman, 1993) while others have not (Perrin & García-
Larrea, 2003). The difference in the results of these two studies could stem from 
differences in the difficulty of the semantic task or length of the interstimulus interval 
(ISI) between primes and targets. Behavioral measures of rhyming showed faster RTs to 
rhyming pairs (Coch, et al., 2002; Perrin & García-Larrea, 2003; Praamstra, et al., 1994; 
Praamstra & Stegeman, 1993; Rugg, 1984b; Weber-Fox, Spencer, et al., 2003), even 
when the task did not require phonological processing (Dumay, et al., 2001; Holyk & 
Pexman, 2004; Rouibah, Tiberghien, & Lupker, 1999; Slowiaczek, McQueen, Soltano, & 
Lynch, 2000). However, no effects of rhyming were evident on RT with longer ISIs 
(Hillinger, 1980; McQueen & Sereno, 2005). Further, when participants were not 
required to make any behavioral response to pairs of nonwords, there was no evidence of 
an ERP effect of rhyming (Coch, personal communication about a pilot study, April 3, 
2009). When a rhyming judgment was introduced, the same stimuli elicited the posterior 
RE (Coch, et al., 2005). Together, these results suggest that primes must be held in 
memory while targets are processed for rhyming to affect RTs or ERPs. Participants hold 
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the primes in memory for long enough to observe rhyming effects when there is either a 
short ISI or a task that requires attending to phonology. 
While some previous ERP studies on the development of rhyming have used real 
word stimuli (e.g., Coch et al., 2002) others have used nonword stimuli (e.g., Coch et al., 
2005). Byrne and Shea (1979) suggested that nonwords are preferable to words in the 
initial stages of training PA so that children can concentrate on phonology without being 
distracted by semantics. Further, the use of nonwords avoids confound of PA and 
vocabulary size since nonwords are equally unfamiliar to all participants. Using 
nonwords results in longer RTs in rhyming judgment tasks and smaller, later ERP effects 
of rhyming (Dumay, et al., 2001; Praamstra & Stegeman, 1993; Rugg, 1984a). More 
difficult nonword rhyming paradigms are also more sensitive to developmental changes. 
Word pairs elicited identical REs in adults and children who were 7 years old or older 
(Coch, et al., 2002). However, with nonwords the onset latency of the RE was later in 
younger participants (Coch, et al., 2005). The similarities in amplitude, distribution, and 
polarity of the RE in children and adults suggested similar neural systems are involved in 
processing rhyming, though the timing of the onset of the effect suggested this processing 
may be slowed in children listening to nonwords.  
When child participants were divided by a median split of scores on a 
standardized measure of PA, children with better PA had an RE with an earlier onset 
(Coch, et al., 2005). Comparable results from a behavioral study of rhyming showed that 
participants with better PA had faster RTs to rhyming targets (Holyk & Pexman, 2004). 
These results suggest that the difference between children and adults in onset latency of 
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the RE observed by Coch and colleagues (2005) may have been driven by differences in 
PA. 
The current study extended previous investigations of the development of 
rhyming (Coch, et al., 2002; Coch, et al., 2005; Grossi, et al., 2001) to even younger 
children between 3 and 5 years of age. To avoid effects of vocabulary size and semantic 
knowledge that vary widely among young children, the nonword stimuli used by Coch 
and colleagues (2005) were employed. Additionally, two modifications were made to the 
paradigm to help young participants remain engaged. First, children were asked to watch 
an animated movie rather than a small plus sign. Second, an explicit rhyme judgment was 
only requested on 1/5th of the trials. These changes resulted in a paradigm that was short 
and interesting enough to maintain the attention of 3- to 5-year-old children in a way that 
kept artifacts (e.g., from movement) to a minimum. To determine if the differences in the 
paradigm used in the current and previous studies impacted the effects of rhyming on 
ERPs, adults and 6- to 8-year-old children were included in addition to the younger 
group.  
The level of PA was expected to increase with age, resulting in a larger RE with 
earlier onset latency. Previous studies reported no (Coch, et al., 2002) or small 
differences in onset latencies (Coch et al., 2005) between children and adults. However, 
3- to 5-year olds vary greatly in PA and the ability to make overt rhyming judgments. As 
such, ERP measures of rhyming were also expected to vary to a greater extent within this 
young group. By using ERPs, it also became possible to detect an ability to differentially 
process rhyming and nonrhyming sounds in children who were not yet able to make overt 
rhyming judgments about nonwords. 
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2. Methods 
2.1. Participants 
 
The final sample of native English speaking participants was divided into three 
age groups: 23 adults, 13 6- to 8-year-old children (M = 7 years; 5 months, range = 6;0-
8;11, 6 girls), and 98 3- to 5-year-old children (M = 4;9, range = 3;7-5;11, 56 girls). The 
younger children (3- to 5-year olds) were further divided into three age groups and into 
Higher Phonological Awareness (HPA) and Lower Phonological Awareness (LPA) as 
shown in Table 2.1. ERPs were recorded from 1 additional 6- to 8-year-old and 23 3- to 
5-year olds, but were excluded from analysis because there was not an adequate amount 
of data (10 or more trials) in each condition after artifact rejection. All participants were 
right-handed (Oldfield, 1971), had normal or corrected-to-normal vision, normal hearing, 
were screened for childhood behavioral and neurological problems, and were paid for 
their participation.  
Maternal education was collected as a measure of socio-economic status (SES) for 
children. Mean level of maternal education for 6- to 8-year-olds was higher than that for 
3- to 5-year olds (t(106) = 4.25, p < .001). However, there were no differences among the 
subsets of 3- to 5-year olds (p > .20).  
2.2. Behavioral Testing 
Behavioral testing for most children occurred prior to and within 14 days of ERP 
testing. Children were administered the Receptive Language subtest of the Preschool 
version of the Clinical Evaluation of Language Fundamentals (CELF-P; Wiig, Secord, & 
Semel, 2004), the Peabody Picture Vocabulary Test (PPVT-III; Dunn & Dunn, 1997),  
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Table 2.1 
Groups  
  
  N  M Age  M SES1  % Trials in Analysis:  
  (Females) Range Range  Rhyme/Nonrhyme   
 
4-year olds 33  4;1 (0;3) 4.4 (.94)         65% (15.6)/ 65% (16.7)   
(17)        3;7-4;5 2-6     
 
4.5-year olds 32          4;9 (0;2) 4.7 (.86)         71% (14.4)/ 71% (14.8)   
(19)  4;5-5;02 3-7     
 
5-year olds 33  5;5 (0;3) 4.8 (.78)         66% (11.4)/ 68% (13.6)   
  (19)  5;0-5;113 2-6     
 
HPA  31  4;8 (0;5) 4.5 (.97)         68% (13.1)/ 69% (15.5)   
(17)  3;7-5;5 2-7     
 
LPA  31  4;8 (0;6) 4.5 (.79)         65% (15.8)/ 65% (16.0)   
  (21)  3;8-5;4 2-5     
 
Note. Age shown in years; months. Standard deviation given in parenthesis, except for first 
column where it denotes number of females. Trials indicate percent included in analysis after 
artifact rejection. HPA = Higher Phonological Awareness; LPA = Lower Phonological Awareness.  
1 The seven point scale taken from Hollingshead (1975) included (1) less than 7 years of 
education, (2) between 7 and 9 years of education, (3) 10 to 11 years of education (part of high 
school), (4) high school graduate, (5) 1 to 3 years at college (also business school), (6) four-year  
college graduate (BA, BS, BM), and (7) a professional degree (e.g., MA, MS, ME, MD, PhD). 
2 5;0 is 4;11;16 in years; months; days. 
3 5;0 is 4;11;23. 
 
and the Fluid Reasoning subtest of the Nonverbal Stanford Binet Intelligence Scales (SB-
5; Roid, 2003). A subset of the 3- to 5-year-old children (n = 77) were administered the 
Comprehensive Test of Phonological Processing (CTOPP; Wagner, Torgesen, & 
Rashotte, 1999). These children were then divided into Higher and Lower PA groups 
(HPA and LPA); to match the two groups on age and SES, only 31 children were 
included in each group.  
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2.3. Stimuli 
The auditory stimuli were 88 pairs of rhyming nonwords that followed the 
phonological rules of English. The stimuli were previously used by Coch and colleagues 
(2005) in a similar study with adults and older children. With the exception of one pair 
(fauer-blauer), all of the nonwords were one syllable. Nonrhyming pairs were created by 
associating the prime from one rhyming pair with the target of another. All participants 
heard each item only once and the same nonwords as primes and the same nonwords as 
targets. Further, across participants, each item was equally likely to be presented in a 
rhyming pair. Appendix A is a complete stimulus list.  
 Nonwords were spoken by a female and recorded digitally (44.1 kHz, 16-bit 
resolution) using an Electrovoice 1750 microphone connected to a Macintosh computer 
running a sound-editing program (SoundEdit 16, Version 2). Each nonword was stored in 
a separate file with 10 ms of silence before the sound onset. Sounds varied in length from 
361 ms (gee) to 906 ms (stide) with an average length of 516 ms (SD = 93.5). During the 
experiment, nonwords were presented over a loudspeaker located 57 inches directly in 
front of the participant. Stimulus onset asynchrony (SOA) between primes and targets 
was 1167 ms. Stimuli were presented at a comfortable listening level of 65 dB SPL (A-
weighted). 
Novel animals, referred to as creatures, were made to appear to speak the 
nonwords in movies in order to increase children’s attention and reduce their movements 
while EEG was recorded. Movies appeared on a computer monitor 57 inches in front of 
the participant. These movies contained pairs of unfamiliar creatures that were unlikely to 
be labeled by participants. The creatures entered the image across a 900 ms span and 
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were then motionless for 2000 ms. The small mouth of one of the creatures was shown as 
open for 533 ms as one of the primes was presented. There was no other motion in the 
movie until the mouth of the second creature was shown as open during presentation of a 
target. Creatures were shown walking off of the screen across a 1000 ms span beginning 
1500 ms after the onset of a target. The creatures that were shown and the side of 
presentation for the creature that appeared to speak the prime were balanced for the 
nonword pairs that did and did not rhyme. This approach ensured any recorded 
differences in distribution of ERP rhyming effects were not due to side of visual attention 
or other unexpected effects related to the creatures.  
To ensure that children attended to the nonwords, 16 additional movies that 
presented questions were created. In eight of the movies a creature asked “did they sound 
alike?” and in eight others “what did they say?”. These questions were used instead of 
requiring rhyming judgments since not all 3- to 5-year-old children understand the 
concept of rhyming.  
2.4. Procedure 
After procedures were explained to participants and accompanying parents or 
guardians, children were seated in a comfortable chair in a sound-attenuating and 
electrically shielded booth. An experimenter was also in the booth to explain procedures, 
monitor eye-movements, and control the pace of trial presentation. Parents and 
experimenters outside of the booth viewed the child on a closed-circuit video monitor and 
the continuous EEG.  
Children were first asked if they knew what rhyming was. Then, the experimenter 
in the booth gave examples of words that did and did not rhyme for the child to judge. 
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Children were also given examples of nonwords that rhymed and asked to produce a 
word that rhymed with ji (or “sounded the same as ji” if the child was not familiar with 
the concept of rhyming). After these explanations, children were told that creatures would 
appear on the screen and say words that sometimes sounded the same and sometimes did 
not. The child was instructed to listen carefully to what the creatures said, since the child 
would sometimes be asked about the words (see Appendix B for exact wording). 
After this training, 88 prime-target pairs were presented. The 44 rhyming and 
non-rhyming pairs were presented in random order, with the videos presented in an 
independently randomized order. Probe question movies were presented after about every 
5th pair of nonwords. The experimenter recorded children’s responses as ‘correct’ or 
‘wrong’ for the similar-sounding judgment and for the repetition of the prime and target 
and transcribed incorrect responses into the International Phonological Alphabet (IPA). 
EEG was recorded continuously during presentation of the nonword pairs, which 
typically required about 20 minutes.  
2.5. ERP Recording and Analysis 
Electroencephalogram (EEG) was recorded from 29 tin electrodes mounted in an 
elastic cap (Electro-Cap International). These included three midline sites (Fz, Cz, and 
Pz) and 13 pairs of lateral sites (FP1/2, F7/8, FT7/8, F3/4, FC5/6, C3/4, C5/6, T3/4, 
CP5/6, P3/4, T5/6, TO1/2, and O1/2). The approximate locations of these electrodes on 
the scalp are shown in Figure 2.1. Data from midline sites and frontal pole sites (FP1/2) 
were not included in analyses. Electrodes were also placed beneath the lower right eye to 
detect blinks and the outer canthi of the left and right eyes to monitor eye movements.  
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Figure 2.1. Electrode Figure. Midline and Fp1/2 data were excluded in analyses. 
 
 
 
During recording, each scalp electrode was referenced to the right mastoid; data were re-
referenced to the averaged mastoids during offline processing. Eye-electrode impedances 
were maintained below 10kΩ; mastoid- and scalp-electrode impedances were always 
below 5 kΩ. 
 EEG was amplified with Grass 7P511 amplifiers (bandpass .01-100 Hz) and 
digitized at a sampling rate of 250 Hz. Off-line, ERPs time-locked to primes and targets 
were segmented out of the continuous EEG separately for each participant at each 
electrode site over 1000 ms epochs, using a 100 ms pre-stimulus baseline. ERP 
processing was conducted using EEGLAB (Delorme & Makeig, 2004).  
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Trials containing large or paroxysmal artifacts, movement artifacts, or amplifier 
saturation were identified by visual inspection and excluded from further analysis. Data 
were then submitted to the extended ‘runica’ routine of EEGLAB software. Ocular 
artifacts were identified from scalp topographies and the component time series and 
removed. After this a digital, low-pass 40 Hz filter was applied to reduce high-frequency 
noise. A digital high-pass filter of .1 Hz was applied to reduce drift. ICA-processed data 
was then subjected to a final manual artifact rejection step to detect any residual or 
atypical ocular artifacts not completely removed with ICA. For participants with data for 
which ICA did not converge on obvious ocular artifact components (typically due to low 
numbers of blinks and horizontal eye movements), trials that included ocular artifacts 
were excluded manually by inspecting eye-channels for high-amplitude deflections and 
polarity inversions with scalp channels. These trials were excluded from further analysis.  
Mean amplitude was measured 75-125 ms during the first positive peak (P1), 100-
300 ms, 300-500 ms, 500-700 ms, and 700-1000 ms. Based on a priori hypotheses from 
previous results and on visual inspection of the effects the measures were taken across 
frontal, fronto-temporal, and temporal sites for anterior effects and across central, 
parietal, and occipital sites for posterior effects. All mean amplitude measurements were 
subjected to repeated measures ANOVA with the following four within-subjects factors: 
Rhyming (RH: rhyme/nonrhyme), Hemisphere (H: right/left), Lateral/Medial position (L: 
lateral/medial), and Anterior/Posterior position (AP: anterior effects: frontal/fronto-
temporal/temporal; posterior effects: central/parietal/occipital). Between-subjects factors 
included age group (4-year olds/4.5-year olds/5-year olds) and PA group (HPA/LPA). 
Following omnibus ANOVAs, additional analyses were performed in step-down fashion 
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such that follow-up analyses were performed to isolate the location of any significant 
interactions. The Greenhouse-Geisser correction was applied to all measures with more 
than two levels. Corrected p-values and uncorrected degrees of freedoms are reported.  
Pearson’s correlations were calculated to examine hypothesized relationships 
between ERP and behavioral measures. For these correlation analyses, for each of the 
participants the average difference amplitude (rhyme – nonrhyme) was calculated for 
each electrode site. The average difference amplitude was calculated in four time 
windows (100-300 ms, 300-500 ms, 500-700 ms, and 700-1000 ms) over frontal, fronto-
temporal, and temporal sites for the anterior effect and over occipital sites for the 
posterior effect, as this was where the effect was largest across participants. Multiple 
regression analyses on these differences in ERP amplitude for rhyming and nonrhyming 
targets (rhyme - nonrhyme) recorded over anterior and occipital regions were conducted 
with stepwise-entered predictors of Age, SES, and proficiency scores for each time 
window. Demographic variables were entered only when significant correlations were 
found. Multiple regression analyses were performed also in time windows where no 
significant main effects of Rhyming were established to explore the effects that were 
highly variable within and across subjects. Reported correlations include all children with 
data on the particular measure, while multiple regressions only include participants with 
data points in all measures analyzed, and therefore include fewer participants than the 
correlation measures.  
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3. Results 
3.1. Behavioral Tests 
3.1.1. All 3- to 5-year-old children. Scores on measures of English proficiency 
and nonverbal IQ were obtained from 79 of the 98 3- to 5-year-old children. Most of 
these children (n = 76) also completed the behavioral measures of phonological 
awareness. As shown in Table 2.2, children typically scored within or above normal 
range on proficiency measures. This pattern was observed for the Receptive Language 
test (RL), Receptive Vocabulary (RV), and Fluid Reasoning (FR). There were positive 
correlations between scores on all of these behavioral tests: RL and RV (r = .57, p < 
.001), RL and FR (r = .45, p < .001); and RV and FR (r = .24, p < .05). Children also had 
high total scores on the CTOPP, the overall measure of PA calculated across multiple 
subtests. There were weak, positive relationships between total PA and RL (r = .23, p < 
.05), RV (r = .30, p < .01), and FR (r = .27, p < .05). There were no significant 
correlations between scores on the behavioral tests and demographic information. 
3.1.2. Age groups. There were some differences in the standardized scores on 
behavioral tests for the age groups within 3- to 5-year olds. Only 18 of the 5-year olds 
participated in behavioral testing. These children typically scored within the normal range 
on language proficiency measures (Appendix C), but were on the lower end on the test of 
FR (Appendix C). Almost all of the 4.5-year olds scored within or above normal range. 
Children in the youngest group, 4-year olds (30 with behavioral data), also typically 
scored within or above normal range (Appendix C). The three groups, did not differ 
significantly on either RL or RV, but did on the test of FR (F(2,76) = 4.12, p < .05). 
Bonferroni posthoc test showed that this was driven by 4.5-year olds scoring higher (M = 
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11.6, SD = 2.1) than 5-year olds (M = 9.7, SD = 2.6, p < .05; Table 2.3). 
 
Table 2.2  
Scores of English Proficiency and Nonverbal Processing by Group 
Group           Receptive Language  Receptive Vocabulary Fluid Reasoning 
   (SD)     (SD)                 (SD)       
   range     range         range   
 
4-year olds  99.8     102.8         11.1        
(n = 30)           (12.4)     (11.5)         (2.1)         
            67-117     77-129         5-15      
 
4.5-year olds  101.52     103.8         11.6        
(n = 31)  (9.6)     (10.2)         (2.1)         
   83-121    86-124         8-16     * 
 
5–year olds  93.8      105.3         9.7        
(n = 18)  (14.1)     (9.4)                    (2.6)         
   77-125    90-130         6-14      
 
HPA   104.6     107.3         11.6 
(n = 31)  (10.7)     (10.8)          (2.2) 
   87-12    **    87-130   *         6-16     * 
 
LPA      96.3     101.9         10.2 
(n = 31)  (11.4)     (7.4)                 (2.5) 
   73-118    85-114                          5-15 
Note. Columns show standardized means. Scores between 85-115 are within normal range on 
the tests of Receptive Language and Receptive Vocabulary. Scores between 9-13 are within 
normal range on the test of Fluid Reasoning. HPA = Higher Phonological Awareness; LPA = 
Lower Phonological Awareness 
*p < .05, ** p < .01 on Bonferroni posthoc test for age groups and independent samples t-tests for  
PA groups. 
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Table 2.3  
Phonological Awareness by Age group 
CTOPP 4-year olds 4.5-year olds     5-year olds     One-way ANOVA 
BC  .70 (.37) .87 (.26)     .79 (.30)      F(2,75) = 2.16, p = .112  
BS  .64 (.36)        .84 (.28)     .90 (.21)      F(2,75) = 5.22, p = .008  
       * 
         * 
SSe  .56 (.28) .66 (.24)     .68 (.25)      F(2,75) = 1.49, p = .233 
SSy  .54 (.35) .52 (.38)     .61 (.30)      F(2,75) < 1  
DR   .59 (.26) .73 (.23)     .68 (.24)      F(2,75) = 2.47, p = .078 
PR   .22 (.30) .47 (.36)     .38 (.40)      F(2,75) = 3.97, p = .023 
                  *      
Total PA .54 (.20) .68 (.17)          .68 (.15)      F(2,75) = 5.79, p = .005 
       ** 
         * 
Note. Means of percentiles shown in columns with standard deviation given in parenthesis. BC = 
Blending Compounds, BS = Blending Syllables, SSe = Segmenting Sentences, SSy = 
Segmenting Syllables, DR = Detecting Rhyme, PR = Produce Rhyme. 
*p < .05, **p < .01 on Bonferroni posthoc tests. 
 
3.1.3. Phonological Awareness groups. As described under the Participants 
section, the 3- to 5-year olds were also divided into groups by performance on the PA 
measures. As a result, the HPA group scored better on tests of RL, RV, and FR (Table 
2.2) in addition to total PA and every subtest of the CTOPP (Table 2.4).  
3.2. ERP Results 
 3.2.1. Early auditory evoked potentials. In adults, sounds typically evoke a first 
positive peak around 50 ms after onset and a first negative peak around 100 ms after 
onset (N1). In younger children, the first peak in auditory evoked potentials is typically 
positive and evident around 100 ms after onset (P1). In the current study, the P1 in 
response to target onsets was evident 75-125 ms over anterior regions and did not differ  
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Table 2.4  
CTOPP Scores for Higher PA and Lower PA Groups 
Subtest HPA   LPA         Independent-samples t-test 
          BC .90 (.17) .61 (.41) t(60) = 3.63, p = .001 
       BS .94 (.13) .61 (.40) t(60) = 4.30, p < .001 
       SSe .77 (.16) .51 (.27) t(60) = 4.70, p < .001 
       SSy .70 (.29) .40 (.34) t(60) = 3.81, p < .001 
       DR .80 (.16) .34 (.27) t(60) = 4.59, p < .001 
       PR .59 (.32) .17 (.28) t(60) = 5.52, p < .001 
Total PA .78 (.07) .47 (.17) t(60) = 9.41, p < .001 
Note. Means of percentiles shown in columns with standard deviation given in parenthesis. HPA  
= Higher Phonological Awareness, LPA = Lower Phonological Awareness, BC = Blending 
Compounds, BS = Blending Syllables, SSe = Segmenting Sentences, SSy = Segmenting 
Syllables, DR = Detecting Rhyme, PR = Produce Rhyme. 
 
 
in amplitude across age group or PA group. For 5-year olds, rhyming targets elicited a 
larger P1 than nonrhyming targets (F(1,32) = 4.79, p < .05). This early effect of rhyming 
was likely part of the larger positivity observed in response to rhyming targets that 
extended into additional time windows. 
3.2.2. Early anterior effect of rhyming. In 5-year-old children, over anterior 
regions there was a larger positivity in response to rhyming targets between 100-300 ms 
(Figure 2.2). Specifically, rhyming targets elicited a larger positivity at frontal and fronto-
temporal sites (RH: F(1,32) = 3.88, p = .057, RH x AP: F(2,64) = 3.62, p = .060; RH at 
frontal and fronto-temporal sites: F(1,32) = 5.28, p < .05).  
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Figure 2.2. In 5-year olds, ERPs elicited by rhyming at anterior sites. 
 
In 4.5-year-old children there was also some suggestion of a larger positivity in 
response to rhyming targets between 100-300 ms (Figure 2.3). The Rhyming by 
Hemisphere interaction approached significance (F(1,31) = 3.63, p = .066). However, 
even over the right hemisphere where rhyming targets elicited a numerically larger 
positivity, there was no main effect of Rhyming (all p’s > .180).  
The 4-year olds showed a similar pattern of rhyming effects over anterior regions 
(Figure 2.4). Between 100-300 ms after target onset, the Rhyming by Lateral/Medial 
interaction approached significance (F(1,31) = 3.50, p = .071) reflecting a larger 
positivity for rhyming targets over medial regions. However, there was no main effect of 
Rhyming at the subset of medial electrodes (all p’s > .371).  
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Figure 2.3. In 4.5-year olds, ERPs elicited by rhyming at anterior sites. 
 
 
Figure 2.4. In 4-year olds, ERPs elicited by rhyming at anterior sites. 
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Although the early positivity in response to rhyming targets was significant only 
for 5-year olds, age group did not interact with Rhyming (all p’s > .1) for the mean 
amplitude measures 100-300 ms over anterior regions. 
3.2.3. Later anterior effect of rhyming. Data recorded from adults and 6- to 8-
year-old children replicated previous studies. In both of these groups, rhyming targets 
elicited a larger negativity over anterior regions (frontal, fronto-temporal, and temporal 
sites) that was previously reported between 300 and 900 ms after target onset (Coch, et 
al., 2005). A similar effect was observed in 3- to 5-year-old children.  
For 5-year olds, by 300-500 ms after onset, rhyming targets elicited a larger 
negativity at lateral fronto-temporal and temporal sites (RH x L: F(1,32) = 10.80, p < .01; 
RH at lateral fronto-temporal and temporal sites: F(1,32) = 5.56, p < .05; Figure 2.2). The 
larger negativity for rhyming targets continued into the third time window (500-700 ms) 
(RH x L: F(1,32) = 4.88, p < .05, RH x AP: F(2,64) = 4.22, p < .05; RH at lateral frontal 
and fronto-temporal electrodes: F(1,32) = 5.28, p < .05). The frontal left lateral effect was 
not significant at any subset of electrodes between 700-1000 ms (RH x H x L x AP: 
F(2,64) = 2.60, p = .097; at left lateral sites all p’s > .455). 
As was true for 5-year olds, in 4.5-year olds rhyming targets elicited a larger 
negativity over anterior electrodes between 300-500 ms and 500-700 ms especially over 
lateral frontal and fronto-temporal sites (300-500 ms: RH: F(1,31) = 13.26, p < .001, RH 
x L: F(1,31) = 5.38, p < .05, RH x AP: F(2,62) = 3.26, p = .073; 500-700 ms: RH: 
F(1,31) = 15.91, p < .001, RH x L: F(1,31) = 6.24, p < .05, RH x AP: F(2,62) = 3.26, p < 
.001; Figure 2.3). In 4.5-year olds the negativity lasted longer and continued over lateral 
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sites between 700-1000 ms (RH x L: F(1,31) = 4.72, p < .05, RH x AP: F(2,62) = 5.92, p 
< .05; RH at lateral sites: F(1,31) = 4.31, p < .05). 
In 4-year olds, the negativity in response to rhyming targets onset between 500-
700 ms and was largest over lateral fronto-temporal and temporal regions and did not 
reach significance at any subset of electrodes between 700-1000 ms (300-500 ms: RH x 
H x L: F(1,32) = 3.58, p = .068, RH x H x AP, F(2,64) = 3.37, p < .05; at left hemisphere 
sites: F(1,32) = 3.06, p = .09; 500-700 ms: RH: F(1,32) = 4.59, p < .05, RH x L: F(1,32) 
= 5.46, p < .05, RH x H x AP: F(2,64) = 3.51, p < .05; 700-1000 ms: RH x L: F(1,32) = 
6.91, p < .05; at lateral sites all p’s > .247; Figure 2.4).  
Although all age groups showed a larger negativity in response to rhyming targets 
over anterior regions, there were some indications that the effect was larger in 4.5-year-
old compared to 5-year-old children but only in the later time windows (300-500 ms: Age 
group x RH x H x L x AP: F(4,190) = 2.06, p = .092; at subset of electrode sites all p’s 
concerning Rhyming and Age group > .187). The ERP effects of rhyming shown as 
difference waves (rhyme – nonrhyme) are given in Figure 2.5 to facilitate observing the 
differences between groups. Between 500-700 ms 4.5-year olds showed a larger effect of 
Rhyming than 5-year olds at a frontal, right-lateral site (F8) (Age group x RH x H x L x 
AP: F(4,190) = 2.84, p < .05; RH at F8 comparing the difference amplitude in 4.5-year 
olds and 5-year olds: t(63) = 2.37, p < .05). Similarly, between 700-1000 ms the effect at 
F8 was larger in 4.5- than 5-year olds (Age group x RH x AP: F(4,190) = 2.31, p =  .084, 
Age group x RH x H x L x AP: F(4,190) = 2.74, p < .05; RH at F8 comparing the 
difference amplitude in 4.5-year olds and 5-year olds: t(63) = 2.17, p < .05). 
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Figure 2.5. Difference waves: ERP effects for rhyming targets minus that of nonrhyming 
targets in 5-year olds (in green), 4.5-year olds (in pink), and 4-year olds (in brown) at 
anterior sites. 
 
For 3- to 5-year-old children, the bivariate correlations of demographics (Age and 
SES), proficiency, and mean difference amplitude of the anterior negative rhyming effect 
suggested SES and two subtests of PA were related to the ERP measures (100-300 ms, 
SES: r = .20, p = .057; 300-500 ms, Segmenting Sentences—SSe: r = -.19, p = .106; 500-
700 ms Blending Syllables—BS: r = -.22, p = .055).  
Multiple regressions were conducted with amplitude of the effect of rhyming over 
anterior positions as criteria and SSe and BS entered after controlling for Produce Rhyme  
 (PR) and Detect Rhyme (DR) as stepwise-entered predictors. SES was not a significant 
predictor and not entered into the regression to avoid reducing the number of participants 
since some were missing this data points. The amplitude of the anterior effect (larger 
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negativity for rhyming targets) increased as a factor of PA proficiency between 300-1000 
ms (300-500 ms, SSe: R2 change = .05, F(1,72) = 3.86, p = .053, ß = -.23; 500-700 ms, 
BS: R2 change = .08, F(1,71) = 6.16, p < .05, ß = -.30; 700-1000 ms, BS: R2 change = .04, 
F(1,71) = 2.93, p = .09, ß = -.21).  
3.2.4. Phonological awareness and anterior effects of rhyming. Across age, the 
HPA children showed a larger positivity over some anterior regions in response to 
rhyming targets and a larger negativity over other regions in the early time window (100-
300 ms: RH x H: F(1,30) = 4.31, p < .05; over right hemisphere: RH x AP: F(2,60) = 
3.37, p = .056; Figure 2.6). However, the main effect of rhyming was not significant at 
any subset of electrode sites in this time window (at F8 and F4 p’s > .177).  
 
 
Figure 2.6. In HPA, ERPs elicited by rhyming at anterior sites. 
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As was true for each age group, for HPA children there was a significantly larger 
negativity in response to rhyming targets between 300-500 ms especially over lateral 
frontal sites (RH: F(1,30) = 10.51, p < .01, RH x L: F(1,30) = 3.81, p = .060, RH x AP: 
F(2,60) = 5.89, p < .05). The main effect of Rhyming continued into the 500-700 ms time  
window (RH: F(1,30) = 10.57, p < .01) and was still largest at frontal and lateral sites 
(RH x L: F(1,30) = 5.90, p < .05, RH x AP: F(2,60) = 7.46, p < .01). Between 700-1000 
ms the lateral negativity was not longer significant at any subset of electrodes (RH x L: 
F(1,30) = 7.08, p < .05; at lateral sites all p’s > .110). 
An early positivity and later negativity in response to rhyming targets was 
suggested for LPA children (Figure 2.7). Between 100-300 ms the larger positivity in 
response to rhyming targets observed at left, medial electrodes and the larger negativity 
in response to rhyming targets observed over right lateral sites failed to approach 
significance at any subset of electrodes (RH x H x L: F(1,30) = 4.86, p < .05; at left 
hemisphere medial sites all p’s > .598; at right hemisphere lateral sites all p’s > .642).  
By 300-500 ms after onset, a negativity in LPA children was significantly larger 
for rhyming targets and largest at lateral frontal sites (RH: F(1,30) = 12.20, p < .01, RH x 
L x AP: F(2,60) = 3.45, p < .05). This effect continued into the remaining time windows 
with the same distribution (500-700 ms: RH: F(1,30) = 12.08, p < .01, RH x L x AP: 
F(2,60) = 7.77, p < .001, RH x AP: F(2,60) = 4.701, p < .05; 700-1000 ms: RH: F(1,30) 
= 6.69, p < .05).  
For mean amplitude 100-300 ms after target onset, there was no effect with 
Rhyming and PA group at any subset of electrodes (PA group x RH x H x L: F(1,60) = 
6.41, p < .05; at left lateral sites all p’s > .351). Although both groups showed a larger 
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Figure 2.7. In LPA, ERPs elicited by rhyming at anterior sites. 
negativity in response to rhyming targets over anterior regions by 300-500 ms after onset, 
there were some indications of differences in the distribution of this effect for the two 
groups (PA group x RH x AP: F(2,120) = 5.25, p < .05). During this time window, the 
anterior effect of Rhyming appeared to be more focused over the most frontal electrodes 
for the HPA group (Figure 2.8). However, the PA group by Rhyming interactions did not 
reach significance at any subset of electrodes including the temporal sites where the 
difference between groups were numerically highest (all p’s < .152). The differences in 
the anterior effect of Rhyming did not extend into the following time windows (p’s > 
.27).  
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Figure 2.8. Difference waves: ERP effects for rhyming targets minus that of nonrhyming 
targets in HPA (in green) and LPA (in pink) at anterior sites.  
 
 3.2.5. Posterior rhyming effect (RE). In adults, 6- to 8-year-old children, and 3- to 
5-year-old children, the posterior negativity in response to targets was reduced in 
amplitude for rhyming compared to nonrhyming pairs. 
 In 5-year olds (Figure 2.9) visual inspection suggested an effect of Rhyming that 
was largest over occipital and medial regions. Statistical analyses in the earlier time 
windows supported this observation such that the RE began by 100-300 ms after target 
onset over medial regions (RH: F(1,32) = 3.95, p = .055, RH x L: F(1,32) = 12.39, p < 
.001; RH at medial sites: F(1,32) = 5.85, p < .05). The effect of Rhyming continued over 
the most posterior regions between 300-500 ms and 500-700 ms (300-500 ms: RH: 
F(1,32) = 2.96, p = .095, RH x AP: F(2,64) = 6.46, p < .05; RH at parietal and occipital 
sites only: F(1,32) = 5.08, p < .05; 500-700 ms: RH: F(1,32) = 3.29, p = .079, RH x AP  
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300-500: F(2,64) = 4.40, p < .05; RH at parietal and occipital sites only: F(1,32) = 5.73, p 
< .05). There was no effect of Rhyming between 700-1000 ms (all p’s > .239). 
 
 
Figure 2.9. In 5-year olds, ERPs elicited by rhyming at posterior sites. 
 
The RE onset between 100-300 ms over occipital sites in 4.5- year-old children 
(RH x AP: F(2,62) = 4.90, p < .05; RH at occipital sites only: F(1,31) = 4.44, p < .05; 
Figure 2.10). The effect continued in the subsequent time windows where it was strongest 
over occipital regions (300-500 ms: RH: F(1,31) = 7.35, p < .05; RH x AP: F(2,62) = 
6.42, p < .05; 500-700 ms: RH: F(1,31) = 7.36, p < .05, RH x AP: F(2,62) = 15.91, p < 
.001, RH x L x AP: F(2,62) = 6.84, p < .01; 700-1000 ms: RH: F(1,30) = 4.23, p < .05, 
RH x AP: F(2,62) = 5.86, p < .05).  
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Figure 2.10. In 4.5-year olds, ERPs elicited by rhyming at posterior sites.  
 
The youngest children, 4-year olds, also showed a reduced posterior negativity in 
response to rhyming targets especially over medial sites (Figure 2.11) that began by 100-
300 ms after onset (RH: F(1,32) = 5.87, p < .05, RH x L: F(1,32) = 3.86, p = .058). The 
effect that was largest over occipital sites continued into the subsequent time windows 
(300-500 ms: RH: F(1,32) = 4.48, p < .05, RH x AP: F(2,64) = 4.6, p < .05; 500-700 ms: 
RH: F(1,32) = 4.6, p < .05, RH x AP: (F(2,64) = 6.25, p < .05; 700-1000 ms: RH: F(1,32) 
= 4.49, p < .05). 
Over posterior regions, rhyming targets elicited a smaller negativity between 100-
700 ms for children in each age group (all p’s > .117). As such, there were no interactions 
of Age Group and Rhyming at any subset of electrodes in those time windows. Though 
the 5-year olds did not show a significant effect of Rhyming between 700-1000 ms there 
was no interaction of Age Group and Rhyming in this time window (all p’s > .111; 
Figure 2.12).  
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Figure 2.11. In 4-year olds, ERPs elicited by rhyming at posterior sites.  
 
 
 
Figure 2.12. Difference waves: 5-, 4.5-, and 4.5-year olds at posterior sites 
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Correlations between RE amplitude over occipital sites, demographic variables 
(Age and SES), and proficiency measures suggested larger amplitude rhyming effects 
with greater proficiency (100-300 ms, DR: r = .19, p = .099; 300-500 ms, SSe: r = .22, p 
= .061; 500-700 ms, PR: r = .23, p < .05, RV: r = -.20, p = .077; 700-1000 ms, RV: r = 
.28, p < .05, RL: r = .22, p = .058, FR: r = .20, p = .079). 
Multiple regression analyses were conducted with the amplitude of the RE over 
occipital regions as criteria. Amplitude of the ERP RE was partially explained by scores 
on PR when age was controlled for (500-700 ms: R2 change = .07, F(1,73) = 5.13, p < 
.05; 700-1000 ms: R2 change = .04, F(1,73) = 2.95, p = .090) such that higher scores on 
PR predicted larger amplitude ERP effects (500-700 ms: ß = .27, 700-1000 ms: ß = .20) 
but only in the later two time windows. 
3.2.6. Posterior rhyming effect and phonological awareness. Children categorized 
into the HPA group showed a posterior RE that onset between 100-300 ms and was 
largest at occipital sites in all time windows and over left hemisphere between 300-700 
ms (100-300 ms: RH: F(1,30) = 9.11, p < .01, RH x AP: F(2,60) = 8.91, p < .01; 300-500 
ms: RH: F(1,30) = 8.32, p < .01, RH x H x AP: F(2,60) = 5.71 p < .01; 500-700 ms: RH: 
F(1,30) = 7.19, p < .05, RH x H x AP: F(2,60) = 4.28, p < .05; 700-1000 ms: RH: F(1,30) 
= 5.05, p < .05, RH x AP: F(2,60) = 7.63, p < .05; Figure 2.13).  
For LPA children (Figure 2.14), the RE began 100-300 ms after target onset at 
right occipital sites (RH x L: F(1,30) = 4.81, p < .05, RH x H x AP: F(2,60) = 8.52, p < 
.01; RH at TO2 and O2: F(1,30) = 5.66, p < .05). Between 300-700 ms, the RE was 
largest over the medial and occipital regions (300-500 ms: RH x AP: F(2,60) = 11.93, p <  
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Figure 2.13. In HPA, ERPs elicited by rhyming at posterior sites.  
 
.001, RH x L x AP: F(2,60) = 4.36, p < .05; RH at O1 and O2: F(1,30) = 4.57, p < .05; 
500-700 ms: RH x AP: F(2,60) = 12.40, p < .001, RH x L x AP: F(2,60) = 4.29,p < .05; 
RH at occipital sites: F(1,30) = 5.87, p < .05). The occipital effect was not significant 
between 700-1000 ms (RH x AP: F(2,60) = 4.28, p < .05; at occipital sites all p’s > .13). 
Although both HPA and LPA children showed a reduced posterior negativity in response 
to rhyming targets, the effect was larger in HPA than LPA over left hemisphere regions 
100-700 ms (100-300 ms: PA group x RH x H x AP: F(2,120) = 7.01, p < .01; PA group 
x RH for left hemisphere electrodes only: F(1,60) = 5.83, p <.05; 300-500 ms: PA group 
x RH x H: F(1,60) = 3.38, p = .071; PA group x RH at left hemisphere sites: F(1,60) = 
5.43, p < .05; 500-700 ms: PA group x RH x H: F(1,60) = 3.69, p = .060; PA group x RH 
at left hemisphere sites: F(1,60) = 4.64, p < .05; Figures 1.15 and 1.16). There was no 
interaction with Rhyming and PA group between 700-1000 ms (all p’s > .147).  
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Figure 2.14. In LPA, ERPs elicited by rhyming at posterior sites.  
 
 
 
Figure 2.15. Difference waves: ERP effects for rhyming targets minus that of 
nonrhyming targets in HPA (in green) and LPA (in pink) at posterior sites.  
ct5 c3 c4 ct6
t5 p3 p4 t6
to1 o1 o2 to2
        
         +
100        500        1000 ms
 Left hemisphere
Lateral             Medial
 Right hemisphere
Medial                         Lateral
Central
Parietal
Occipital
_2μV
+3$5K\PHï1RQ5K\PH
/3$5K\PHï1RQ5K\PH
 48 
 
Figure 2.16. Rhyming effect by PA group. Mean difference in amplitude for rhyming and 
nonrhyming targets 300-500 ms by PA group over left central (C), parietal (P), and 
occipital (O) sites. Error bars represent standard error.  
 
 
4. Discussion 
Auditory rhyming processing was measured in 3- to 5-year-old children listening 
to pairs of nonwords. Nonword stimuli were selected to eliminate the effects of 
differences in vocabulary size for children who differed in age and language proficiency. 
The current study investigated the development of rhyme processing using ERP measures 
and stimuli that were previously employed with adults and older children (Coch, et al., 
2005). Previous studies reported a larger negativity over anterior regions and a smaller 
negativity over posterior regions in response to rhyming targets in both adults and 
children (Coch, et al., 2002; Coch, et al., 2005; Grossi, et al., 2001). Both the anterior 
negativity and the posterior rhyming effect (RE) showed a similar distribution and 
amplitude when comparing adults with children as young as 6 years of age (Coch, et al., 
2002; Coch, et al., 2005; Grossi, et al., 2001). However, with nonword stimuli the RE had 
shorter onset latency in adults compared with children (Coch, et al., 2005). Further, onset 
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latency was later in lower proficiency children suggesting slower processing of rhyming 
in this group. 
Although the stimuli were identical to the previous study by Coch and colleagues 
(2005), there were some minor changes to the paradigm. These changes included the 
addition of animated, unfamiliar characters, a reduction in the number of trials that 
required overt rhyming judgments, and the inclusion of EEG from all trials in ERP 
averages rather than only that collected during presentation of correctly judged pairs. 
Despite these changes to the paradigm, an anterior negativity and RE reported in previous 
studies were replicated in adults and 6- to 8-year-olds. 
In contrast to earlier studies, 5-year olds displayed an early anterior effect of 
rhyming observed as a larger positivity for rhyming targets between 100-300 ms that was 
followed by the increased negativity for rhyming targets over anterior sites described 
previously for older children and adults. This fronto-lateral negativity onset earlier in 5-
year olds and 4.5-year olds (between 300-500 ms) compared to 4-year olds (between 500-
700 ms). The effect lasted longest in 4.5-year olds where it continued between 700-1000 
ms. Children divided by PA-proficiency did not differ in the anterior effect, though 
multiple regressions suggested an increase in amplitude as a factor of PA-proficiency. 
Potentially the prolonged effect observed in 4.5-year olds stemmed from better PA, as 
there was some indication that the 4.5-year olds had higher proficiency than the other 
groups. These results suggest that the latency of the anterior negativity for rhyming 
targets is related to age while the amplitude of this effect is related to proficiency.  
Replicating previous findings from adults and older children, in the current study 
the posterior RE was evident in children between 3- and 5-years of age. This effect was 
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largest over medial and occipital regions. In all age groups the RE onset between 100-300 
ms. The RE had a shorter duration in 5-year olds (100-700 ms) compared to 4.5- and 4-
year olds (100-1000 ms). Since some 5-year olds were missing behavioral data a 
separation of effects of age and proficiency on the duration was not possible. However, 
the HPA group showed a larger and more robust RE between 100-1000 ms while the 
LPA group showed a less robust effect concentrated to occipital regions between 100-700 
ms. This result suggests the lack of an effect between 700-1000 ms in 5-year olds may 
have reflected lower PA-proficiency in this group. 
In contrast to previous studies, there was some indication of a left-lateralized RE 
in the HPA for the auditory stimuli that lacked semantic content. This could be related to 
the presentation form, the inclusion of all trials regardless of behavioral response, or to 
the younger age of the participants. The factors that impact the lateralization of the RE 
will need to be further explored. The difference in amplitude with proficiency was further 
defined in multiple regressions where the subtest Produce Rhyme (PR) was a predictor 
when age was controlled for. This was the case even though the PR subtest of CTOPP 
includes only four items. It is possible that a more sensitive test of rhyme production 
would be an even stronger predictor of RE amplitude. Nevertheless, results from earlier 
studies of older children were replicated in that proficiency rather than age explained the 
variance in the amplitude of the RE.  
5. Conclusion 
 Children from 3 years of age showed ERP effects of rhyming at an age when 
overt rhyming decisions are difficult to produce, suggesting the RE might serve as an 
even earlier predictor of later reading development than behavioral measures. 
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Phonological awareness was related to amplitude and distribution of the effect. These 
results indicate the sensitivity of an ERP measurement that does not require any overt 
response. As such, ERP rhyming effects may be able to identify immature PA levels at 
younger ages when behavioral measures are less accurate. Given the importance of PA 
for literacy and vocabulary acquisition, it will be important to employ this sensitive 
nonword paradigm that controls for differences in vocabulary size with the bilingual 
population that is at risk for problems with literacy.  
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CHAPTER III 
BILINGUAL PROCESSING OF RHYMING NONWORDS BY 6- TO 8-YEAR OLDS: 
AN ERP STUDY INVESTIGATING THE ROLE OF AGE OF ACQUISITION AND 
LANGUAGE PROFICIENCY 
1. Introduction 
A basic requirement for success in society is the ability to read. The increasingly 
large population of Latino children in the U.S. (about 20% of school aged children in 
2006) is often bilingual and at risk for low performance in school (Davis & Bauman, 
2008). It is therefore essential that we know more about these children’s literate 
development in English, their second language (L2). The current study focuses on 
processing of L2 phonology, more specifically rhyming. Better understanding of 
phonological awareness (PA) in bilingual children could aid the development of early 
interventions for literacy.  
Phonological awareness is the ability to manipulate the sublexical sounds of a 
language. This ability is typically divided into three developmental stages: syllable 
awareness, onset-rime awareness, and phonemic awareness (Cisero & Royer, 1995). 
Syllable awareness is the earliest of these skills to develop. It is defined as the ability to 
segment words into large units of sounds and has been operationalized by having children 
clap to indicate how many syllables they hear in words (Gonzaléz & García, 1995). 
Syllable awareness is followed developmentally by onset-rime awareness, which is the 
ability to segment syllables into initial and following sounds. For example the 
monosyllabic word scrap can be segmented into the onset scr and the rime ap. The initial 
ability to segment syllables into smaller units is often acquired around 3-4 years of age 
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and has been tested by asking children to produce or judge rhyming syllables. The 
definition of rhyming is that two syllables share the same rime, so the ability to make 
judgments about these segments is related to the ability to isolate them from onsets 
(Treiman, 1985). Phonemic awareness is the ability to segment syllables into the smallest 
units that carry meaning in a language, called phonemes. Changing one phoneme to 
another changes sound streams into different words or into nonwords. For example, in 
English changing the voiced stop /b/ into a voiceless stop /p/ changes the word bat to pat. 
This type of word pair with items that differ by a single phoneme and word meaning is 
called a minimal pair. Phonemic awareness, for example the ability to segment scrap into 
/s/, /k/, /r/, /a/, and /p/ is the latest PA skill to develop.  
This developmental pattern has been shown to be the same for monolingual 
English children, monolingual Spanish children, and within both of Spanish/English 
bilingual children’s two languages (Cisero & Royer, 1995; Leafstedt & Gerber, 2005). In 
monolingual children, phonological awareness at onset of literacy development (i.e., 6 
years of age) predicts literacy skills up to 11 years later (MacDonald & Cornwall, 1995). 
Studies that have trained children on PA suggest a causal relationship (Byrne & Fielding-
Barnsley, 1991; Lundberg, 1994; Lundberg, et al., 1988). For bilingual children, PA is 
positively related between their two languages (for reviews see Genesee & Geva, 2006, 
and Geva & Wang, 2001), and this relationship tends to be quite strong (e.g., Branum-
Martin, et al., 2006; Dickinson, McCabe, Clark-Chiarelli, & Wolf, 2004; Leafstedt & 
Gerber, 2005).  
Further, in some combinations of first and second languages (e.g., Spanish and 
English) a positive relationship between bilingualism and PA has been reported such that 
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bilingual children outperformed monolingual children on later developing PA tasks such 
as segmentation and counting phonemes (Bialystok, Luk, & Kwan, 2005). It is possible 
that phonologically similar languages provide bilingual children with an increased 
number of minimal pairs that support their awareness of shared phonemes. In support of 
this account, studies have reported PA levels to be positively related to vocabulary size 
within each language in children 4- and 5.5-years of age (Atwill, Blanchard, Gorin, & 
Burstein, 2007; López & Greenfield, 2004). More importantly, several studies have 
reported that bilingual first-graders’ reading skills and PA are positively related within 
and across languages (e.g., Gottardo, 2002; Manis, Lindsey, & Bailey, 2004). In sum, 
bilingual children have similar, or in some cases better, PA than monolingual children. 
Bilingual children’s PA is strongly and positively related cross-linguistically and the 
relationship between PA and literacy has been well documented.  
The current study was designed to supplement the plentiful behavioral data related 
to PA in bilingual children by adding the sensitive neurocognitive measure of ERPs. 
Event-related potentials measure online neural activity with a temporal resolution in the 
millisecond range, are non-invasive, and do not require a behavioral response or a 
secondary task. The latter was especially important for bilingual children who have 
repeatedly been found to test below their actual abilities on standardized language tests 
(Fuste-Herrmann, Silliman, Bahr, Fasnacht, & Federico, 2006; García, 1991; Hickey, 
1972; Langer, Bartolome, Vasquez, & Lucas, 1990; Peña, Quinn, & Iglesias, 1992; Peña 
& Quinn, 1997; Restrepo & Silverman, 2001; Umbel, Pearson, Fernández, & Oller, 
1992). As such, ERP measures of rhyme processing are hypothesized to be less biased 
against bilingual children than behavioral measurements. 
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Typical ERP effects of rhyming include a reduced posterior negativity that peaks 
about 450 ms after word onset for rhyming compared to nonrhyming targets (the rhyming 
effect or RE) and a larger negativity for rhyming targets over anterior regions during the 
same time window (e.g., Grossi, et al., 2001; McPherson, et al., 1998; McPherson, et al., 
1996; Rugg, 1984a, 1984b; Weber-Fox, Spencer, et al., 2003). The posterior distribution 
of the RE has been evident in studies that used auditory or visual stimuli. (Coch, et al., 
2002; Coch, et al., 2005; Dumay, et al., 2001; McPherson, et al., 1998; McPherson, et al., 
1996; Praamstra, et al., 1994; Praamstra & Stegeman, 1993). However, the auditory RE 
tended to be left-lateralized and to onset earlier than the visual RE (Pérez-Abalo, et al., 
1994). This pattern has also been observed for ERP effects used to index other aspects of 
language processing such as the N400 (Holcomb & Neville, 1990).  
In a developmental study of auditory rhyme processing, children 7- to 8-years of 
age displayed similar ERP effects (i.e., latency and amplitude of the RE) but slower 
reaction times (RTs) for rhyming judgments when compared to adults (Coch, et al., 
2002). This finding suggested that processing speed and effort was similar for 
monolingual children and adults, and that the differences in RT were better explained by 
slower motor responses and/or overt decision making in children. However, subsequent 
studies employed nonwords rather than words as stimuli. Nonwords lack semantic 
content but follow the phonological and phonotactic patterns of a particular language and 
are thus possible words. Both RTs and the ERP RE were impacted by the use of 
nonwords in rhyming studies. Specifically, RTs to make rhyming judgments increased 
and the RE was smaller in amplitude with a later onset (Coch, et al., 2005; Dumay, et al., 
2001; Praamstra & Stegeman, 1993; Rugg, 1984a). The initial finding of a later onset for 
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the RE with nonwords was initially interpreted as meaning that processing of rhyming 
with more difficult stimuli was slower in children than in adults (Coch et al., 2005). 
However, differences in the onset of ERP effects were also related to PA, such that 
children with higher PA had an RE that onset earlier. Similar results have been reported 
for RT measures (Holyk & Pexman, 2004). The differences in processing speed of rhyme 
in children and adults may have been driven by PA rather than age. Differences in latency 
of ERP rhyming effects were not evident within a younger group of 3- to 5-year-old 
children (Chapter II). However, not surprisingly since some of these children had not yet 
developed onset-rime awareness, there were effects of age and proficiency on the 
amplitude and distribution of ERP rhyming effects. Specifically, the RE was larger over 
left posterior regions in children with higher compared to lower PA. 
The current study was designed to extend previous findings (Coch, et al., 2002; 
Coch, et al., 2005; Grossi, et al., 2001; and those presented in Chapter II) to bilingual 
children between 6- and 8-years of age. Since children with English as their second 
language were expected to have similar PA but smaller vocabulary size in English than 
monolingual English children of the same ages, the current study utilized nonwords. A 
similar approach has been employed in prior behavioral studies that compared PA in 
bilingual and monolingual children (e.g., Durgunoğlu, et al., 1993; Gottardo, 2002). The 
same stimuli used previously with monolingual adults, similar aged children, and 3- to 5-
year old children (Coch, et al., 2005; Chapter II) were employed in the current study. 
Further, as described in Chapter II, participants listened to nonword pairs while watching 
an animated movie in order to increase attention while keeping the number of artifacts 
(e.g., eye and muscle movements) low. Since some of the bilingual children were not 
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expected to be aware of the concept of rhyming, children were only asked about the 
words after about every 5th nonword pair. To explore the effects of proficiency on ERP 
rhyming effects, data from bilingual children who differed on scores of English receptive 
language processing but shared a similar age of acquisition (AoA) were compared. 
Bilingual children with higher proficiency in English were expected to show earlier and 
larger ERP effects. Multiple regressions were used to explore the effects of proficiency 
and AoA on the differences in ERPs elicited by rhyming and nonrhyming pairs.  
2. Methods 
2.1. Participants 
 
The final sample of bilingual children with Spanish as their first language (L1) 
and English as their second language (L2) consisted of 31 6- to 8-year-old children 
(Table 3.1). ERPs were recorded from four additional 6- to 8-year-old bilingual children, 
but were excluded from analysis because there was not an adequate amount of data (10 or 
more trials) in each condition after artifact rejection. All participants were right-handed 
(Oldfield, 1971), had normal or corrected-to-normal vision, normal hearing, were not 
known to have behavioral or neurological problems, and were paid for their participation.  
 Maternal education was collected as the measure of socio-economic status (SES) 
for children. Mean level of maternal education for the bilingual children was 2.5 (SD = 
1.7; range 1-7). One child was missing maternal education information.  
Bilingual children were further divided into two proficiency groups by a median split of 
standard scores on tests of English receptive language processing while controlling for 
age, maternal education, and AoA. The higher proficiency (HP) group included 15 
children and the lower proficiency (LP) group 16 children (Table 3.1). 
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Table 3.1  
Groups 
 N 
(Females) 
M Age 
range 
M AoA 
range 
M SES1 
range 
 % Trials in Analysis: 
 Rhyme/Nonrhyme 
6-8 yo 31 
(14) 
 
7;6 (0;8) 
6;3-9;02 
4;5 (1;6) 
1;0-8;0 
2.5 (1.7) 
1-7 
 62% (13.7)/ 63% (14.3) 
HP 15 
(7) 
7;6 (0;11) 
6;3-9;02 
4;1 (1;5) 
1;0-6;0 
2.6 (1.7) 
1-6 
 
 60% (15.7)/ 62% (15.7) 
LP 16 
(7) 
7;5 (0;10) 
6;4-8;7 
4;9 (1;7) 
2;0-8;0 
2.3 (1.8) 
1-7 
 63% (11.5)/ 63% (13.3) 
Note. Age shown in years; months. Standard deviation given in parenthesis, except for first 
column where it denotes number of females. Trials indicate percent included in analysis after 
artifact rejection. yo = year olds; HP = Higher Proficiency; LP = Lower Proficiency 
1 The seven point scale taken from Hollingshead (1975) included (1) less than 7 years of 
education, (2) between 7 and 9 years of education, (3) 10 to 11 years of education (part of high 
school), (4) high school graduate, (5) 1 to 3 years at college (also business school), (6) four-year 
college graduate (BA, BS, BM), and (7) a professional degree (e.g., MA, MS, ME, MD, PhD). 
2 9;0 is 8;11;16 in years; months; days. 
2.2. Behavioral Testing 
Behavioral testing for most children occurred prior to ERP testing and was 
separated by no more than 14 days. Children were administered the Receptive Language 
subtest from the English version of the Clinical Evaluation of Language Fundamentals 
(CELF-3; Semel, Wiig, & Secord, 1995), a receptive vocabulary test (Peabody Picture 
Vocabulary Test; PPVT-III; Dunn & Dunn, 1997), and the Fluid Reasoning subtest of a 
nonverbal IQ test (Stanford Binet Intelligence Scales; SB-5; Roid, 2003).  
To limit testing time, only a subgroup of the bilingual children (n = 14) was 
administered the Expressive Language subtest of the CELF-3 in English and the entire 
SB-5. These scores allowed for an exploration of the relationships between receptive and 
expressive language skill and between fluid reasoning and the entire nonverbal IQ scale 
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(e.g., Uchikoshi, 2006, and Chapter II). This subset of bilingual children was also 
administered the Spanish versions of the same language tests (Receptive Language—
CELF-Sp;  Semel, Wiig, & Secord, 1997 and Receptive Vocabulary—Test de 
Vocabulario en Imagenes Peabody; TVIP; Dunn, Lugo, Padilla, & Dunn, 1986). These 
children did not differ from the other bilingual children in this study on age, maternal 
education, AoA, gender, home language, general language usage, frequency of English 
usage by parents, English Receptive Language (RL), English Receptive Vocabulary 
(RV), or Fluid Reasoning (FR). However, they used more English in school (M = 2.9, SD 
= .36; t(28) = -2.07; p < .05; corrected for unequal variance) compared to children not 
tested in Spanish (M = 2.5, SD = .51) (1 = Mainly Spanish, 2 = both languages, 3 = 
Mainly English).  
2.3. Stimuli 
Rhyming nonwords that followed the phonological and phonotactic rules of 
English were presented auditorily. The 88 pairs of nonwords were previously used by 
Coch and colleagues (2005) and in the study reported in Chapter II. Primes from rhyming 
nonword pairs were associated with targets from another pair to create nonrhyming pairs. 
Targets were presented only once for each participant but occurred as a rhyming and as a 
nonrhyming target across participants. Refer to Appendix A for a complete stimulus list. 
An Electrovoice 1750 microphone connected to a Macintosh computer was used to 
digitally record (44.1 kHz, 16-bit resolution) nonwords spoken by a female. Each word 
was stored as a separate file with 10 ms of silence prior to sound onset using a sound-
editing program (SoundEdit 16, Version 2). The average length of nonwords was 516 ms 
(SD = 93.5) ranging from 361 ms (gee) to 906 ms (stide).  
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Stimuli were presented at a comfortable listening level of 65 dB SPL (A-
weighted) over a loudspeaker located 57 inches directly in front of participants. Onsets of 
primes and targets were separated by 1167 ms. To increase children’s attention and 
reduce their movements during EEG recording, movies of novel animals, referred to as 
creatures, were animated such that they appeared to speak the nonwords. These 
unfamiliar creature pairs were presented on a computer monitor 57 inches in front of 
participants. Movies showed creatures entering the screen during a 900 ms span followed 
by a still image that lasted 2000 ms. This was followed by showing the small mouth of 
one of the creatures to be open for 533 ms during presentation of the prime. No motion 
was presented between the prime and the onset of the target, when the mouth of the 
second creature was shown as open. 1500 ms after target onset creatures walked off the 
screen across a 1000 ms span. Presentation of the movies was controlled such that the 
location of the creature that spoke the prime was balanced for rhyming and nonrhyming 
pairs. This approach ensured any recorded differences in distribution of ERP rhyming 
effects were not due to side of visual attention or other unexpected effects related to the 
creatures.  
Overt judgments about the words were limited to 16 pairs. Questions were 
presented as movies in which additional creatures asked either “what did they say?” or 
“did they sound alike?” (eight of each type). 
2.4. Procedure 
Children were seated in a comfortable chair in a sound-attenuating and electrically 
shielded booth after procedures were explained to them and accompanying parents or 
guardians. An experimenter sat with the child in the booth to further explain procedures, 
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to monitor eye-movements, and to control the pace of trial presentation. A bilingual 
native Spanish speaking research assistant was present to answer any questions from 
native Spanish speaking parents or guardians and to assist them in completing the 
questionnaires on language usage (Appendix D). A closed-circuit video monitor 
displayed the child in the booth for parents and an experimenter who monitored the 
continuous EEG. 
Prior to starting the EEG session, the experimenter in the booth established if the 
child was able to provide and recognize rhyming nonwords. Children were instructed to 
pay attention to the words that would be presented by creatures on the monitor, since they 
would sometimes be asked questions about the words (see Appendix B for exact 
wording). Rhyming and non-rhyming pairs (88 prime-target pairs) were presented in 
random order accompanied with movies presented in an independently randomized order. 
Movies containing questions about a pair of words appeared after about every 5th trial. 
Answers were recorded by the experimenter in the booth either as ‘correct’ or as ‘wrong’, 
in which case the answer was transcribed into the International Phonological Alphabet 
(IPA). During the presentation of the auditory stimuli EEG was recorded continuously. 
The session typically lasted about 20 minutes. 
2.5. ERP Recording and Analysis 
Electroencephalogram (EEG) was recorded from 29 tin electrodes mounted in an 
elastic cap (Electro-Cap International). Electrodes sites included 13 pairs of lateral sites 
(FP1/2, F7/8, FT7/8, F3/4, FC5/6, C3/4, C5/6, T3/4, CP5/6, P3/4, T5/6, TO1/2, and O1/2) 
and three midline sites (Fz, Cz, and Pz). Data from these midline sites and frontal pole 
sites (FP1/2) were not included in analyses. Electrode positions are shown in Figure 2.1. 
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Electrodes were placed beneath the lower right eye to detect blinks and the outer canthi of 
the left and right eyes to monitor eye movements. Scalp electrodes were referenced to the 
right mastoid during recording and re-referenced to the averaged mastoids during offline 
processing. Impedances were maintained below 10kΩ for eye electrodes and below 5 kΩ 
for mastoid- and scalp-electrodes. EEG was amplified with Grass 7P511 amplifiers 
(bandpass .01-100 Hz) and digitized online (4 ms sampling rate). For each participant and 
each electrode site, ERPs were time-locked to primes and targets.  
Trials containing artifacts such as large or paroxysmal artifacts, movement 
artifacts, or amplifier saturation were identified by visual inspection and excluded from 
further analysis. Data were then submitted to the extended ‘runica’ routine of EEGLAB 
software (Delorme & Makeig, 2004). Ocular artifacts were identified from scalp 
topographies and the component time series and removed. ICA-processed data was 
subjected to a final manual artifact correction step to detect any residual or atypical 
ocular artifacts not completely removed with ICA. When ICA did not converge on 
obvious ocular artifact components for a participant (often due to low numbers of 
artifacts), manual inspections of eye-channels for high-amplitude deflections and polarity 
inversions with scalp distributions that indicated blinks and horizontal eye movements 
were used to identify epochs for exclusion from further analysis.  
A digital, low-pass 40 Hz filter was applied to reduce high-frequency noise. A 
digital high-pass filter of .1 Hz was applied to reduce drift. Filters were applied post 
artifact rejection. Only participants with 10 or more artifact-free trials in each of the two 
main conditions were included in further analyses. The average percentages of useable 
trials by group are listed in Table 3.1. Groups did not differ significantly in the 
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percentage of usable trials across groups or rhyme condition. Data in 1000 ms epochs 
from trials remaining after artifact rejection were then averaged together, with the first 
100 ms before the onset of a prime or target used as the baseline. 
Based on a priori hypotheses from previous results and on visual inspection of the 
effects the mean amplitude measures were taken across anterior (frontal, fronto-temporal, 
and temporal) and across posterior (central, parietal, and occipital) regions between 75-
125 ms (the first positive peak, P1), 100-300 ms, 300-500 ms, 500-700 ms, and 700-1000 
ms. All mean amplitude measurements were subjected to repeated measures ANOVAs 
with the following four within-subjects factors: Rhyming (RH: rhyme/nonrhyme), 
Hemisphere (H: right/left), Lateral/Medial position (L: lateral/medial), and AP position 
(AP: anterior effects: frontal/fronto-temporal/temporal; posterior effects: 
central/parietal/occipital). Between-subjects factor was proficiency group (HP/LP). 
Following omnibus ANOVAs additional analyses were performed on a step-down 
fashion such that follow-up analyses were performed to isolate the distribution of any 
significant interactions. The Greenhouse-Geisser correction was applied to all measures 
with more than two levels. Corrected p-values and uncorrected degrees of freedoms are 
reported. 
Hypothesized relationships between ERP effects and behavioral measures were 
explored by calculations of Pearson’s correlations. For the correlation analyses, for each 
of the participant the average difference amplitude (rhyme – nonrhyme was calculated for 
each electrode sites. The average difference amplitude was calculated in four time 
windows (100-300 ms, 300-500 ms, 500-700 ms, and 700-1000 ms) for the anterior effect 
(frontal, fronto-temporal, and temporal sites) and the posterior effect (central, parietal, 
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and occipital sites). Multiple regression analyses on these differences in ERP amplitude 
for rhyming and nonrhyming targets (rhyme - nonrhyme) recorded over anterior and 
posterior regions as criterions were conducted with stepwise-entered predictors 
(demographic and proficiency variables as, Age, AoA, RL, and RV) suggested by the 
correlation analyses. Proficiency measures were entered into all analyses. Demographic 
variables were entered only when significant correlations were found. Multiple regression 
analyses were performed also in time windows where no significant main effects of 
Rhyming were established to explore the effects that were highly variable within and 
across subjects. Correlations include all children with data in the particular measure, 
while multiple regressions only include participants with data points in all measures 
analyzed, and will therefore include fewer participants than the correlation measures.  
3. Results 
3.1. Behavioral Tests 
3.1.1. Tests of English proficiency. Bilingual children (n = 31) typically scored in 
the lower normal or below the normal range of behavioral measures (Table 3.2; see 
Appendix E). Children with earlier AoA and longer exposure to English had higher 
scores on RL and RV and their parents spoke more English (correlations shown in Table 
3.3). Further, children with higher SES tended to have earlier AoA and longer exposure. 
Tests of language proficiency were positively related within and across languages (Table 
3.3). 
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Table 3.2  
Scores of English Proficiency and Nonverbal Processing by Group 
Group            N           Rec Lang         Rec Voc           Fluid Reas 
         (Females) (SD)          (SD)           (SD) 
     range          range           range 
 
6-8 yo                 31   91.7             88.3   9.3 
        (14)  (12.3)           (11.1)  (3.7) 
     65-108  68-108  0-17 
 
HP                    15  101.9             95.3  11.3 
          (7)   (3.8)            (7.1)  (3.1) 
     96-108     *         80-108 *          7-17     * 
 
LP                     16   82.1             81.7   7.6 
           (7)   (9.3)           (10.2)  (3.4) 
     65-94           68-97  0-14 
 
Note. Columns show standardized means. Scores between 85-115 are within normal range on 
the tests of Receptive Language and Receptive Vocabulary. Scores between 9-13 are within 
normal range on the test of Fluid Reasoning. yo = year olds; Rec = Receptive; Lang = Language; 
Voc = Vocabulary; Reas = Reasoning; HP= Higher Proficiency; LP= Lower Proficiency 
* p < .05 independent samples t-test 
 66 
Table 3.3  
Relationships between Demographics and Language Tests  
  AoA Exposure SES Rec 
Lang 
(Eng) 
Rec  
Voc 
(Eng) 
Rec 
Lang 
(Sp) 
AoA  
(n = 31) 
_           
Exposure  
(n = 31) 
r = -.83  
p < .001 
_         
SES  
(n = 30) 
r = -.44  
p = .015 
r = .47  
p = .010 
_       
Rec Lang 
(Eng)  
(n = 31) 
 
r = -.36  
p = .047 
r = .37  
p = .041 
ns _     
 Rec Voc 
(Eng)  
(n = 31) 
 
r = -.52  
p = .003 
r = .48  
p = .006 
ns r = .72  
p < .001 
_   
Rec Lang  
(Sp)  
(n = 13) 
 
ns ns r = -.62  
p = .024 
r = .55  
p = .043 
ns _ 
Rec Voc  
(Sp)  
(n = 31) 
 
ns ns ns r = .63  
p = .016 
ns r = .77  
p = .001 
Fluid Reas       
(n = 30) 
 
ns ns ns r = .38  
p = .039 
r = .39  
p = .035 
r = .57  
p = .043 
Parent Eng 
usea  
(n = 30) 
 
r = -.53  
p = .002 
r = .68  
p < .001 
ns r = .47  
p = .009 
r = .56  
p = .001 
ns 
Child Eng useb  
(n = 30) 
 
ns ns ns ns r = .41  
p = .024 
ns 
Note. ns, non significant. Rec = Receptive; Lang = Language; Voc = Vocabulary; Eng = English; 
Sp = Spanish; Reas = Reasoning.  
There were no significant relationships between SES and English proficiency (r’s < .36, p’s > .16). 
a Parents’ rating of their usage of English on a 7-point Likert scale from Spanish only to English 
only. b Children’s rating of language usage on a 3-point scale (refer to Appendix D) 
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3.1.2. Tests of Spanish proficiency. The 14 children who were administered tests 
of Spanish proficiency typically scored within normal limits. On Spanish RL, the average 
score was 106.4 (SD = 12.7) and for Spanish RV it was 95.6 (SD = 13.0). Children with 
higher SES tended to score lower on Spanish RL. 
3.1.3. Higher and lower proficiency groups. The two groups divided by 
proficiency on RL differed on all language proficiency measures (see Appendix E) in that 
the HP group scored higher on all tests than the LP group (Table 3.2 and 3.4). The groups 
did not differ on age or AoA (Table 3.1 and 3.3). In addition, language usage did not 
differ significantly for the groups as indicated by the absence of significant effects of 
group on items in the language usage questionnaire (Appendix D).  
 
 
Table 3.4  
Spanish Test Scores by Proficiency Group 
Group   Spanish Receptive   Spanish Receptive 
  Language (SD)   Vocabulary (SD) 
                       range     range     
 
HP    111.9 (10.9)   102.0 (11.7)  
   89-125    86-119     
   (n = 9)     *   (n = 9)    ** 
 
LP   96.4 (9.9)    84.0 (3.7)   
  85-108    80-90 
   (n = 5)    (n = 5) 
 
Note. Means of standard scores in columns. Scores between 85-115 are within the normal range. 
HP = Higher Proficiency, LP = Lower Proficiency. 
*p < .05. **p < .01. Independent samples t-test 
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3.2. ERP Results 
3.2.1. Analyses of the early auditory component. The first auditory potential is a 
negative peak around 100 ms after onset (N1) in adults. Sounds typically evoke a positive 
peak in younger children (P1) in this same time range. Between 75-125 ms the P1 in 
response to target onsets was evident over anterior regions in the current study. 
Targets elicited a positive peak around 100 ms after onset in bilingual children. P1 
amplitude (averaged over rhyming and nonrhyming targets) was significantly larger for 
the LP group compared with the HP group (F(1,29) = 4.61, p < .05). The smaller P1 in 
higher proficiency bilingual children might reflect a more mature auditory response, as 
this component changes from a positive deflection to a negative deflection across 
development. There was no effect of Rhyming on P1 amplitude within or across groups. 
3.2.2. Anterior effect of rhyming. Over anterior regions there was a small left-
lateralized negativity for rhyming targets and a later effect of rhyming that was observed 
as a reduced negativity for rhyming instead of the often described increased negativity for 
rhyming over anterior regions (Figure 3.1). Statistical analyses did not indicate that the 
earlier effect of rhyming between 100-700 ms reached significance (100-300 ms: all p’s > 
.133; 300-500 ms: all p’s > .145; 500-700 ms: RH x AP: F(1,60) = 3.66, p = .062; over 
frontal and fronto-temporal sites all p’s > .380). Between 700-1000 ms the decreased 
negativity for rhyming targets that was largest over the left hemisphere approached 
significance (RH x H: F(1,30) = 4.03, p = .054; RH at left hemisphere: F(1,30) = 3.67, p 
= .065). This effect was likely part of the posterior RE extended to anterior sites in this 
time window. 
 
 69 
 
Figure 3.1. In bilingual children, ERPs elicited by rhyming at anterior sites.  
 
Over anterior regions, correlations between the mean difference amplitude, 
demographics (Age, AoA, Exposure, and SES), and proficiency (RL, RV, and FR) 
revealed that the amplitude of the RE effect was related to demographic variables, 
especially Exposure. Between 100-300 ms and 300-500 ms the decreased negativity for 
rhyming targets increased with length of exposure (100-300 ms: r = .40, p < .05; 300-500 
ms: r = .37, p < .05). In the following time window (500-700 ms) there were trends that 
the amplitude of the decreased negativity for rhyming targets increased with length of 
exposure and SES (Exposure: r = .30, p = .097; SES: r = .35, p = .062). There were no 
relationships between any of the demographic variables and amplitude differences 
between 700-1000 ms (all p’s > .143). 
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Language proficiency measures (RL and RV), and the two demographic variables 
(SES and Exposure) that were correlated with effects of Rhyming were entered step-wise 
into a multiple regression with mean amplitude difference over anterior sites as criterion. 
No model reached significance between 100-300 ms (all p’s > .168). Exposure predicted 
variance when proficiency was controlled for between 300-500 ms (R2 change = .15, 
F(1,26) = 5.24, p < .05). In this model, the reduced negativity for rhyming targets 
increased as a function of years of exposure (ß = .43). When both proficiency and SES 
were controlled for the significance and the variance predicted were reduced (Exposure: 
R2 change = .09, F(1,25) = 3.15, p = .088; ß = .36). No model reached significance 
between 500-700 ms (all p’s > .163). Between 700-1000 ms the prediction of SES was a 
nonsignificant trend when proficiency and Exposure were controlled for (R2 change = 
.11, F(1,25) = 2.98, p = .097; ß = .29). 
 For HP bilinguals, visual inspections indicated an increased negativity for 
Rhyming over left frontal and fronto-temporal sites and a later decreased negativity for 
Rhyming that was largest over temporo-medial regions (Figure 3.2). Only the reduced 
negativity in response to rhyming targets at temporal and medial sites was supported by 
statistical analyses that were significant between 500-700 ms and approaching 
significance between 700-1000 ms (100-500 ms: all p’s > .248; 500-700 ms: RH x AP: 
F(2,28) = 7.48, p < .05, RH x L x AP: F(2,28) = 7.82, p < .01; RH at C5/6: F(1,14) = 
4.82, p < .05; 700-1000 ms: RH x L x AP: F(2,28) = 8.35, p < .005; RH at C5/6: F(1,14) 
= 3.73, p = .074).   
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Figure 3.2. In HP, ERPs elicited by rhyming at anterior sites.  
 
In LP bilingual children the increased negativity for Rhyming over right 
hemisphere frontal and fronto-temporal sites and the later decreased negativity for 
Rhyming over left medial regions were not evident in statistical analyses. There were no 
effects of Rhyming in the analyzed time-windows (all p’s > .11; Figure 3.3).  
There were some indications of a difference between groups for the distribution of the 
anterior effect of Rhyming between 300-500 ms and 500-700 ms (left lateralized in HP 
and right in LP). However, this difference was not significant at any subset of electrode 
sites (300-500 ms: RH x H x Group: F(1,29) = 3.31, p = .079; over right hemisphere p’s 
> .239; 500-700 ms: RH x H x Group: F(1,29) = 3.64, p = .066, RH x L x AP x Group: 
F(1,29)  3.30, p = .079; over F8 and FT8 all p’s > .134). The interaction between 
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Figure 3.3. In LP, ERPs elicited by rhyming at anterior sites.  
 
Proficiency group, Rhyming, Lateral/Medial, and Anterior/Posterior on mean amplitude 
in the latest time window (700-1000 ms: F(2,58) = 5.94, p < .05) suggested a larger effect 
of Rhyming over some regions in the HP group. However the interaction between 
Proficiency group and Rhyming was not significant at any subset of electrodes (all p’s > 
.212). To facilitate comparisons between groups, difference waves showing the rhyming 
effect (rhyme – nonrhyme) are shown in Figure 3.4. 
 
 
 73 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4. Difference waves: HP (higher proficiency group) in green and LP (lower 
proficiency group) in pink at anterior sites.  
 
 3.2.3. Posterior rhyming effect (RE). For bilingual children, visual inspection 
suggested a late posterior, left-lateralized RE that was partly evident in statistical analyses 
(Figure 3.5). The left-lateralized RE onset between 500-700 ms and continued between 
700-1000 ms (100-300 ms: all p’s > .133; 300-500 ms: RH x H x L: F(1,30) = 5.80, p < 
.05; over left lateral sites all p’s > .136; 500-700 ms: RH x H x L: F(1,30) = 4.58, p < .05; 
RH at left hemisphere sites: F(1,30) = 5.75, p < .05; 700-1000 ms: RH x H: F(1,30) = 
4.45, p < .05, RH x H x L: F(1,30) = 3.73, p = .063; RH at left hemisphere sites: F(1,30) 
= 4.61, p < .05).  
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Figure 3.5. In bilingual children, ERPs elicited by rhyming at posterior sites.  
 
In the correlation analyses between proficiency (RL, RV, and FR), demographics 
(Age, AoA, Exposure, and SES), and mean amplitude difference of the posterior effect, 
bilingual children with higher English proficiency showed a larger RE (100-300 ms RE 
amplitude with RL: r = .38, p < .05; 300-500 ms RE amplitude with RL: r = .37, p < .05; 
500-700 ms RE amplitude with RL: r = .38, p < .05; and with RV: r = .43, p < .05). There 
was a nonsignificant trend suggesting that children with longer exposure to English had a 
larger effect between 500-700 ms (RE amplitude with exposure: r = .34, p = .065). No 
relationships with amplitude approached significance between 700-1000 ms, and there 
were no relationships with AoA or SES and RE amplitude in any time window. 
Multiple regressions with mean difference amplitude over posterior sites as 
criterion and RL, RV, and Exposure stepwise entered as predictors described that RL 
explained variance in the first model in all but the last time window (100-300 ms: R2 
change = .15, F(1,29) = 4.94, p < .05; 300-500 ms: R2 change = .14, F(1,29) = 4.66, p < 
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.05; 500-700 ms: R2 change = .15, F(1,29) = 4.92, p < .05), such that the RE amplitude 
increased as a function of scores (100-300 ms: ß = .38; 300-500 ms: ß = .37; 500-700 ms: 
ß = .38). Exposure explained variance in the amplitude but only between 500-700 ms and 
when entered first into the model (R2 change = .11, F(1,29) = 3.67, p = .065; ß = .34). In 
this case, when Exposure was entered first, RL explained variance in the two earlier time 
windows (100-300 ms: R2 change = .14, F(1,28) = 4.54, p < .05; ß = .39; 300-500 ms: R2 
change = .10, F(1,28) = 3.25, p = .082; ß = .34). 
For the HP group, the RE was larger over the left hemisphere and lasted longer 
over central regions based on observations of the grand average waveform. Between 300-
500 ms there was a nonsignificant trend for a rhyming effect over left lateral sites (100-
300 ms: all p’s > .305; 300-500 ms: RH x H x L: F(1,14) = 6.74, p < .05; RH at left 
lateral sites: F(1,14) = 3.38, p = .087; Figure 3.6). The RE reached significance in the 
subsequent time window 500-700 ms (RH: F(1,14) = 9.22, p < .01). There was a 
nonsignificant trend of a left and lateral RE between 700-1000 (RH x H x L: F(1,14) = 
8.62, p < .05; RH over left lateral sites: F(1,14) = 3.23, p = .094). 
In the LP group the RE over left central and parietal sites was not robust: there 
were no effects of Rhyming at any subset of electrodes in any time window (100-300 ms: 
RH x H x AP: F(1,30) = 3.33, p = .078; over right occipital sites all p’s > .16; 300-500 
ms: all p’s > .211; 500-700 ms: all p’s > .107; 700-1000 ms: RH x H: F(1,15) = 3.17, p = 
.095; over left hemisphere sites all p’s > .159; Figure 3.7). 
The RE tended to be larger in the HP group compared to the LP group between 
500-700 ms (100-300 ms: all p’s > .142; 300-500 ms: all p’s > .272; 500-700 ms: RH x 
Group: F(1,58) = 3.44, p = .074; 700-1000 ms: all p’s > .161; Figures 2.8 and 2.9). 
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Figure 3.6. In HP, ERPs elicited by rhyming at posterior sites.  
 
 
 
Figure 3.7. In LP, ERPs elicited by rhyming at posterior sites.  
 
 
 77 
 
Figure 3.8. Difference waves: HP (higher proficiency group) in green and LP (lower 
proficiency group) in pink at posterior sites.  
 
 
 
Figure 3.9. Rhyming effect by proficiency group. Mean difference in amplitude for 
rhyming and nonrhyming targets 500-700 ms by proficiency group over central (C), 
parietal (P), and occipital (O) sites. Error bars represent standard error. 
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4. Discussion 
 Pairs of auditory English nonwords were presented to bilingual 6- to 8-year olds 
to investigate processing of rhyming. The use of nonwords controlled for differences in 
vocabulary size within bilingual children in the current study and when comparing 
current results to earlier results of monolingual children. However, processing of 
nonwords is believed to be more difficult than processing of real words (Coch, et al., 
2005; Dumay, et al., 2001; Rugg, 1987). In fact, earlier studies of monolingual 6- to 8-
year olds’ and adults’ processing of rhyming words did not find any differences in the 
ERP effects between groups, while the introduction of nonwords established faster 
processing with higher proficiency in children and adults (Grossi, et al., 2001, Coch, et 
al., 2002; 2005; Chapter II). The ERP rhyming effects include a larger negativity for 
rhyming targets over anterior sites and a reduced negativity for rhyming targets over 
posterior sites, the so called RE (e.g., Rugg, 1984a, 1984b). 
 Though bilingual 6- to 8-year olds were expected to know how to rhyme, 
neurocognitive measures of rhyme processing failed to establish the anterior effect 
previously reported in monolingual children of similar age and younger (Chapter II). 
Further, the posterior RE was evident only in the group with higher English proficiency 
(i.e., within the normal range for monolingual children of similar age). In this group of 
bilingual children, the RE onset between 500-700 ms—a longer latency than previously 
described for younger monolingual children (100-300 ms; Chapter II). That the RE was 
established only in the higher proficiency group and that this effect had much longer 
latency than in 3- to 5-year old monolingual children were surprising results in light of 
previous evidence on the development of PA.  
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Monolingual children typically acquire the ability to rhyme by 3- to 4-years of 
age. Phonological awareness is thought to improve with the acquisition of minimal pairs 
such that children that speak two languages that are as phonologically similar as Spanish 
and English typically have higher PA (Bialystok, et al., 2005; Bialystok, Majumder, & 
Martin, 2003). As follows, native Spanish-speaking 6- to 8-year olds in the current study 
were expected to have similar or higher levels of PA when compared with similar aged 
monolingual children. The repeatedly reported strong relationships between PA in L1 and 
L2 meant these children were expected to be able to rhyme in both of their languages 
with a mean exposure to L2 of about 3 years (e.g., Durgunoğlu, 1998, Gottardo, 2002).  
 The results of the current study suggest that even though bilingual children at this 
age do well on behavioral tests of PA, processing of sub-syllabic phonology is slowed in 
their second language. The strong and positive relationship between PA and vocabulary 
acquisition, along with the fact that words are typically spoken very rapidly (e.g., 3 
words/s) speaks to the importance of fast phonological processing, especially for 
bilingual children (e.g., Kuhl, et al., 2005; Oller & Cobo-Lewis, 2002). The obvious 
weakness of the current study was the lack of behavioral measurements of PA. Even 
though most children were able to rhyme when asked to produce a rhyming word to the 
nonword ji during the ERP session, more sensitive behavioral measures were not 
available. However, several studies, including the study described in Chapter II, reported 
a strong relationship between PA and the language proficiency tests that were included in 
the current study such that children defined as higher proficiency on the basis of those 
tests can be expected to have better PA (Atwill, et al., 2007; Dickinson, et al., 2004; 
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Gottardo, Collins, Baciu, & Gebotys, 2008; López & Greenfield, 2004; Manis, et al., 
2004; San Francisco, Carlo, August, & Snow, 2006).  
The left lateralization of the RE in bilingual children of higher proficiency was 
previously observed for 3- to 5-year-old monolingual children using the same paradigm 
and stimuli (Chapter II). Lateralization of the RE was not previously reported in 
monolingual 6- to 8-year olds that listened to the same auditory stimuli without the visual 
presentation. Across studies, this pattern raises the possibility that the animated creatures 
introduced a semantic context for the nonwords that impacted the lateralization of 
processing. In contrast to the current study, the previous study of monolingual 6- to 8-
year olds only included data from trials on which a correct rhyming judgment was made. 
The inclusion of all trials regardless of behavioral response in the current study was not 
expected to affect the distribution of the rhyming effect. Additional studies directly 
comparing the effect of the behavioral task and inclusion of incorrect trials on 
lateralization would be needed to conclusively rule out these factors. 
Though both exposure and proficiency measures were related to the amplitude of 
the RE, the Receptive Language test was the better predictor based on the multiple 
regressions. Results suggested proficiency and to some extent length of exposure but not 
AoA or age were related to amplitude of the RE within the group of bilingual children. 
More importantly, however, even in bilingual children with English proficiency expected 
of monolingual children of similar age processing of rhyming was altered. Processing 
speed was considerably slower in comparison to that of monolingual children between 3- 
and 5-years of age. This was an especially important finding in this bilingual group as 
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processing speed of phonemes is important for vocabulary acquisition (Milberg, 
Blumstein, Katz, Gershberg, & et al., 1995). 
It will be important to further explore bilingual children’s phonological 
processing, as there is a lack of neurocognitive studies of bilingual processing of rhyme. 
The lack of any PA measurement in the current study argues for future studies that 
combine neurocognitive and behavioral measures of the same constructs to better define 
the ERP effects of nonword rhyming. 
5. Conclusion 
Bilingual children were expected to have similar or better PA when compared 
with monolingual children of similar age, yet differences in processing of rhyming were 
evident. The posterior RE was reliable only in bilingual children with English proficiency 
within the normal range, and the anterior effects were absent in bilinguals. Even in 
higher-proficiency bilinguals the RE onset later than what was reported in younger 
monolingual children (Chapter II). These results suggest English proficiency and AoA is 
more important for mature processing of rhyming than the results of behavioral studies 
have suggested. 
The relationship between speed of PA skills and vocabulary acquisition indicates 
the importance of the current results and future studies on the same topic. Results 
suggested bilingual children need more training in L2 PA to increase the speed of 
processing, which has not been captured in previous behavioral studies.  
Bilingual children are expected to have smaller vocabularies and lower 
proficiency in syntax in comparison to monolingual children. Studies of bilingual adults’ 
processing of these aspects of L2 suggest proficiency predicts differences in semantic 
 82 
processing while mainly AoA predicts differences in syntactic processing. Processing of 
semantics and syntax will be explored and discussed in the framework of proficiency and 
AoA in Chapter IV and V. 
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CHAPTER IV 
MONOLINGUAL AND BILINGUAL 6- TO 8-YEAR-OLD CHILDREN DISPLAY 
N400 RESPONSES MEDIATED BY PROFICIENCY RATHER THAN AGE OF 
ACQUISITION 
1. Introduction 
For a normal conversation, an adult is expected to need as many as 20,000 word 
roots (lexemes) in their receptive vocabulary (Nation & Waring, 1997). Vocabulary size 
is also important for academic progress in several ways. Directly, it is essential to 
understand the words used by a teacher and in the literature to be able to grasp topics in a 
subject area, for example in physics or history (Hammer, Lawrence, & Miccio, 2007). 
Indirectly, larger vocabulary size has a positive relationship with literacy in that it is 
easier to read and write words that you are familiar with (Carlisle, et al., 1999; Gottardo, 
2002; Gottardo, et al., 2008; Lindsey, Manis, & Bailey, 2003; Manis, et al., 2004; Miller, 
et al., 2006; Slavin & Cheung, 2005; Swanson, Sáez, & Gerber, 2006; Swanson, Rosston, 
Gerber, & Solari, 2008).  
Though phonological awareness is a good predictor for early literacy acquisition, 
receptive and expressive vocabulary skills have been suggested to be more important for 
later increases in literacy skills both within and across languages (e.g., Cronnell, 1985; 
Proctor, Carlo, August, & Snow, 2005; Rolla San Francisco, Mo, Carlo, August, & Snow, 
2006; Slavin & Cheung, 2005). For a monolingual child to acquire 20,000 lexemes by 
adulthood seems intimidating: the task at hand for the bilingual child is an even greater 
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enterprise. Even so, most children do acquire and function in at least two languages 
(Tucker, 1999).  
In the U.S. most children are monolingual; however, the proportion that are 
bilingual is expected to increase due mainly to immigration from South and Central 
America (Davis & Bauman, 2008). This particular group of bilingual children (Spanish 
native speakers with English as second language) is at risk for academic failure (Institute 
of Education Sciences, 2006). The strong relationship between vocabulary and academic 
success suggests that a more thorough understanding of these children’s vocabulary and 
lexical processing is essential. 
There are ample studies of bilingual children’s vocabulary acquisition, many of 
which focus on Latino children acquiring English as their second language (L2) (e.g., 
Fernández, et al., 1992; Kohnert, 2000; Patterson & Pearson, 2004). However, little is 
known about children’s L2 processing of semantics. The existing neurocognitive studies 
of processing of semantics in L2 have typically included adult bilinguals with mature 
brains, a large variety in age of acquisition (AoA), and often with several years of 
experience (Exposure) to the second language (e.g., Hahne & Friederici, 2001; Moreno & 
Kutas, 2005; Proverbio, Cok, & Zani, 2002; Weber-Fox & Neville, 1996, but see also 
McLaughlin, Osterhout, & Kim, 2004; Osterhout, McLaughlin, Pitkanen, Frenck-Mestre, 
& Molinaro, 2006; and Mueller, Hahne, Fujii, & Friederici, 2005 for adults’ early L2 
acquisition). The current study aims to explore native Spanish-speaking 6- to 8-year olds’ 
processing of semantics in L2 (English) by utilizing the temporally sensitive 
neurocognitive measure provided by event-related potentials (ERPs) to broaden the 
understanding of second language processing in children.  
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 Behaviorally, both monolingual and bilingual children’s acquisition of vocabulary 
has been shown to depend on input in each language. In monolingual children the 
positive relationship between socio-economic status (SES) and vocabulary acquisition 
has been explained by (1) amount of input (Hart & Risley, 1995; Hoff, 2003) and (2) 
quality of input measured as, for example, caregivers’ diversity in vocabulary when 
talking with their children (DeThorne, & Channel, 2007; Pan, Rowe, Singer, & Snow, 
2005). The relationships look similar for bilingual children in that amount and quality of 
input are positively related to vocabulary acquisition (amount: Marchman & Martínez-
Sussman, 2002; Oller & Eilers, 2002; Patterson, 2000, 2002; Pearson, Fernández, 
Lewedeg, & Oller, 1997; and quality: Patterson, 2002). However, the relationship 
between SES and vocabulary size is more complex for native Spanish-speaking bilingual 
children in that the higher SES bilingual children receive more input in L2 (English) and 
less in L1. As follows, SES is positively related to vocabulary size in L2 but negatively 
related to vocabulary size in L1 (Cobo-Lewis, Pearson, Eilers, & Umbel, 2002b; 
Schwartz & Stiefel, 2006).  
Most Latino children in the U.S. originate from Mexico with parents that often 
have less than a high school degree (American Community Survey, 2005-2009). The 
difference in SES in comparison with monolingual speakers is a confounding variable 
that needs to be explored in studies comparing vocabulary skills in monolingual and 
bilingual children. In the current study we gathered information on maternal education, 
which has been shown to be a good proxy for SES (Bornstein, Hahn, Suwalsky, & 
Haynes, 2003; Noble, Norman, & Farah, 2005). In addition, this measure was easy for 
parents to report accurately and easy for experimenters to take into account in data 
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analysis. To access information on children’s language input we also collected data on 
language usage with a parental questionnaire. Parents were asked about their own and 
their child’s usage of L1 and L2 in different contexts and at different ages (Appendix D). 
This enabled us to separate effects of SES from amount of input on bilingual children’s 
L2 proficiency and semantic processing. 
As input is divided into two languages for bilingual children, differences in 
vocabulary size between monolingual children and bilingual children were expected in 
the current study and have been repeatedly reported in previous studies. Bilingual 
children’s vocabulary size has been shown to be below the monolingual standardized 
average and in some cases even more than one standard deviation below this standardized 
mean (Fernández, et al., 1992; Gottardo, et al., 2008; Oller, Pearson, & Cobo-Lewis, 
2007; Páez, & Rinaldi, 2006; Páez, Tabors, & López, 2007; Pearson & Fernández, 1994; 
Proctor, et al., 2005; Tabors, Páez, & López, 2003; Uccelli & Páez, 2007; Umbel, et al., 
1992).  
Although vocabulary acquisition is delayed in bilingual children, it follows the 
same pattern in bilingual children’s two languages and monolingual children’s only 
language (e.g., Carrow, 1971). Specific content of the vocabulary differ between 
bilingual and monolingual English and Spanish children due to differences in situational 
experiences, variations in emphasis, and lexical frequency in the two languages (Kohnert, 
2004; Peña, Bedore, & Rappazzo, 2003). Therefore, the ERP paradigm in the current 
study used high frequency early-learned words to make it more likely that critical words 
were familiar to both monolingual and bilingual children (see Appendix F for an entire 
list of critical words). However, even if the words in the current experiment were 
 87 
expected to be familiar to both groups, depth of vocabulary likely differs such that 
bilingual children tend to know less about the words than do monolingual children. For 
example, there may be differences in understanding literal meaning, semantic scope, 
connotations, synonyms, and autonyms that go beyond familiarity (for a review August, 
et al., 2005). 
In the current study we tested all participating 6- to 8-year olds on receptive 
language proficiency in English. A subset of both monolingual and bilingual children 
were also administered a test of expressive proficiency in English, such that group 
comparisons in English language proficiency could be more readily explored. Earlier 
studies reported positive relationships between vocabulary sizes across L1 and L2 in first 
grade through college (Kohnert, 2000; Umbel & Oller, 1994). This positive relationship 
is thought to be established through a single shared semantic storage that both 
vocabularies are connected to (Hernandez & Li, 2007), such that when trained on new 
concepts in L1 then L2, learning is faster in both languages than when trained in L2 only 
(Perozzi & Sánchez, 1992). To determine if there was a positive relationship between L1 
and L2 in the current group of bilingual children, a subset of bilingual children were also 
administered proficiency tests in Spanish, their first language.  
While the introduction of language proficiency tests in studies of language 
processing facilitates the exploration of differences and similarities of the neurocognitive 
measures, other concerns are raised. For example, bilingual children have been found to 
have difficulties when asked to label objects, provide definitions, and complete analogies, 
in their second language, even though the language skills these tasks were designed to tap 
are acquired very early in development (Peña, et al., 1992; Peña & Quinn, 1997; Restrepo 
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& Silverman). In addition, English tests are normalized for monolingual children of 
middle SES background living in the U.S. whereas Spanish tests often are normalized on 
monolingual Spanish speakers living outside of mainland U.S. in Puerto Rico or Spain. 
The experience of bilingual children in the U.S. differ from both of these monolingual 
samples in SES, culture, home environment, and school environment, among other 
factors that are expected to affect vocabulary inventories, suggesting the results of 
behavioral proficiency tests are not valid (Cobo-Lewis, et al., 2002a; Fernández, et al., 
1992;Peña & Quinn, 1997; Restrepo & Silverman, 2001). Even so, in the current study 
we decided to employ frequently used standardized language tests. By comparing our 
results to that of earlier studies performed on bilingual participants with similar ages and 
other demographics, consideration of the bilingual children’s proficiency could be more 
thorough. Further, scores on proficiency tests were used to divide children into higher- 
and lower-proficiency groups within lingualism (i.e., monolingual/bilingual) only. 
Multiple regressions with the amplitude of ERP effects were used to explore effects of 
proficiency and age of acquisition (AoA). This approach reduced the importance of 
finding a measure of proficiency that was equally valid across lingualism groups. 
  The introduction of neurocognitive measures provide a way to address questions 
regarding bilingual children’s processing of L2 semantics, including: (1) Is semantic 
processing identical in L1 and L2?, (2) How is proficiency related to processing within 
and across lingualism groups?, and (3) What is the relationship between processing and 
AoA within bilinguals? The current study made use of a semantically sensitive ERP 
component, the N400 (Kutas & Hillyard, 1980) and included comparisons of polarity, 
distribution, latency, and amplitude within and across lingualism groups. Further, 
 89 
comparisons of the N400 in bilingual children in the current study with younger 
monolingual children described in previous studies provided additional information about 
the development of semantic processing (Atchley, et al., 2006; Byrne, et al., 1999; 
Friedrich & Friederici, 2004; Friedrich & Friederici, 2005, 2006; Hahne, Eckstein, & 
Friederici, 2004; Holcomb, et al., 1992; Neville, Coffey, Holcomb, & Tallal, 1993; 
Pakulak, Yamada, Andersson, & Neville, in prep; Sabisch, Hahne, Glass, von 
Suchodoletz, & Friederici, 2006; Sabisch, Hahne, Glass, von Suchodoletz, & Friederici, 
2006; Silva-Pereyra, Rivera-Gaxiola, & Kuhl, 2005; Torkildsen, et al., 2006).  
Measurements of ERPs do not require a behavioral response. Thus, differences 
across groups (monolingual and bilingual children) in test-taking ability could be 
eliminated. In the current study, we used auditory stimuli to obtain the semantically 
sensitive N400 component elicited by words that are not expected in the semantic context 
(Kutas & Hillyard, 1980). This component is observed as an increased negative 
deflection for words not expected in the semantic context (i.e., incongruent words) 
compared with words that are expected (i.e., congruent words). The N400 is typically 
distributed centro-parietally in both monolingual and bilingual adults (e.g., Hahne, 2001; 
Neville, Coffey, Lawson, Fischer, & et al., 1997; Osterhout & Nicol, 1999; Osterhout, et 
al., 2008; Weber-Fox & Neville, 1996, 2001), but lasts longer and is of smaller amplitude 
in bilingual adults with AoA post puberty (Ardal, et al., 1990; Hahne, 2001; Hahne & 
Friederici, 2001; Weber-Fox & Neville, 2001).  
Although the N400 has proven to be a sensitive measure of semantic processing in 
a second language, the strong relationship between age of acquisition and proficiency has 
made it difficult to clearly attribute the differences in ERPs to only one of these factors. 
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Differences in amplitude of the N400 effect in bilinguals have been attributed to age of 
acquisition in some cases (e.g., Weber-Fox & Neville, 1996) and to proficiency in others 
(e.g., Ardal, et al., 1990, Hahne, et al., 2001). However, as Moreno and Kutas, (2005) 
remind us, AoA and proficiency are strongly related. Ardal and colleagues', (1990) 
finding of latency differences between monolingual and bilingual adults’ L1 (earlier for 
monolinguals) implied that the latency difference was not driven by AoA but rather by 
proficiency since there were no differences in age of first language acquisition between 
monolingual and bilingual adults. Still, Moreno and Kutas, (2005) found both AoA and 
proficiency to independently account for variance in latency when the other variable was 
controlled for. In sum, these studies suggest that N400 is elicited by incongruent words in 
all bilinguals regardless of AoA or proficiency. Yet, as AoA increases and proficiency 
decreases amplitude decreases while latency of the N400 effect increases.  
In studies of children and adults aged 5 to 26 years, Holcomb and colleagues 
(1992) found the N400 effect in all participants regardless of age and method of 
presentation (visual or auditory). However, more interestingly, the amplitude and the 
latency decreased linearly with age, which implied that we process semantics faster and 
using fewer resources with age. This result was analogous to a later study in adult 
monolinguals that described lower amplitude with higher proficiency (Weber-Fox, Davis, 
& Cuadrado, 2003). In Holcomb and colleagues' (1992) study, younger children up to 12 
years showed an N400 for congruent as well as incongruent words, while the older age 
groups (15-26 years) tended to show the negativity only for incongruent words in the 
sentences. As expected though, the amplitude of the component was higher for 
incongruent endings vs. congruent. This result was similar to that of Hahne (2001) who 
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found a larger amplitude N400 elicited by congruent words in bilingual adults compared 
to monolingual adults, which suggested similar development of the N400 effect with 
proficiency across groups.  
In a recent longitudinal study of more than 300 children, ERPs were recorded in 
response to auditory words that were congruent and incongruent with pictures in L2 
(Ojima, Nakamura, Matsuba-Kurita, Hoshino, & Hagiwara, 2010). Children were divided 
into low, medium, and high proficiency groups and data were collected in three ERP 
sessions that were a year apart. This study showed an increase of the N400 effect with 
exposure and proficiency. Across studies, these results suggest that for children not only 
age and AoA but also language proficiency drive the changes in N400 amplitude and 
latency, as has been reported for adults. The studies reviewed above indicate that latency 
decreases with proficiency and age while amplitude displays a more complex pattern. 
More specifically, amplitude appears to increase with proficiency up to a certain age and 
minimum proficiency after which it decreases. 
Based on studies of 1) bilingual adults that acquired their second language before 
the age of 7, 2) monolingual children, and 3) bilingual children studying picture-word 
pairs, bilingual children in the current study were predicted to show a larger posterior 
negative deflection for incongruent words in sentences, i.e., an N400 effect. While some 
studies reported a negativity in response to congruous words as well, any such negativity 
was expected to be lower in amplitude than that observed to incongruent words. Further, 
the N400 effect in bilingual children was expected to be smaller and to start later. Within 
and across the monolingual and the bilingual groups, differences in amplitude and latency 
were expected to be related to proficiency such that larger amplitude and earlier onset of 
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ERP effects would be observed with higher proficiency. That is, differences in 
proficiency rather than AoA were expected to explain differences in the N400 effect 
between the two groups (monolingual and bilingual children). 
2. Methods 
2.1. Participants 
 
The final sample of native English speaking participants was 41 children between 
6- and 8-years old and of 40 bilingual 6- to 8-year olds with Spanish as their first 
language and English as their second language (Table 4.1). ERPs were recorded from 8 
additional monolingual children and 5 bilingual children, but were excluded from 
analyses because there was not an adequate amount of data (10 or more trials) in each 
condition after artifact rejection. All participants were right-handed (Oldfield, 1971), had 
normal or corrected-to-normal vision, normal hearing, were screened for childhood 
behavioral and neurological problems, and were paid for their participation.  
Within each lingualism group (Monolingual/Bilingual) children were divided into 
two proficiency groups (n = 16) by a median split of their Receptive Language scores 
(CELF-3) controlling for age. Monolingual children (M) were divided into Higher 
Proficiency (MHP) and Lower Proficiency (MLP) groups (Table 4.1). Bilingual children 
(B) were divided into Higher Proficiency (BHP) and Lower Proficiency (BLP) groups 
that did not differ in AoA, or length of exposure to English (Table 4.1).  
Maternal education was collected as a measure of socio-economic status (SES) for 
children. Mean level of maternal education for the M group was higher than that for the B  
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Table 4.1  
Groups 
 
  N         M Age     M SES1      % Trials in Analysis: 
  (Females)   range      range       Congruent/Incongruent        
M    41       7;5 (0;10)    5.4 (.9)            58% (13.7)/ 59% (14.6)  
  (25)         6;0-8;11    4-7      
                          *** 
B   40  * 7;5 (0:10)    2.3 (1.7)2         61% (12.9)/ 62% (11.9)  
  (13)            6;1-9;03    1-7 
      
MHP   16   7;6 (0;10)    5.4 (1.0)          65% (13.4)/ 66% (15.0)  
 (11)         6;1-8;11    5-7 
 
MLP   16    7;6 (0;11)    5.4 (1.0)       58% (13.5)/ 58% (13.2)  
  (10)            6;0-8;10    4-7  
 
BHP   16   7;5 (0;10)    2.0 (1.4)          65% (12.4)/ 66% (11.2)  
  (6)            6;3-9;03    1-5 
 
BLP       16         7;5 (0;9)     2.1 (1.7)          56% (11.4)/ 57% (11.2)  
   (5)             6;1-8;7    1-7  
 
Note. Age shown in years; months. Standard deviation given in parenthesis, except for first 
column where it denotes number of females. Trials indicate percent included in analysis after 
artifact rejection. M = Monolingual; B = Bilingual; MHP = Monolingual Higher Proficiency; MLP = 
Monolingual Lower Proficiency; BHP = Bilingual Higher Proficiency; BLP = Bilingual Lower 
Proficiency 
1 The seven point scale taken from Hollingshead (1975) included (1) less than 7 years of 
education, (2) between 7 and 9 years of education, (3) 10 to 11 years of education (part of high 
school), (4) high school graduate, (5) 1 to 3 years at college (also business school), (6) four-year 
college graduate (BA, BS, BM), and (7) a professional degree (e.g., MA, MS, ME, MD, PhD). 
2 one bilingual child missing data. 
3 9;0 is 8;11;8 in years; months; days. 
*p < .05, *** p < .001. Independent samples t-test. 
 
group  (t(78) = 10.34; p < .001; Table 4.1). Proficiency groups did not differ in maternal 
education within either the M or the B group. There were more girls in the M group 
compared to the B group (t(79) = 2.65, p <  .05). There were no differences in the gender 
ratio between the proficiency groups within the M or the B group (both p’s > .720). 
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2.2. Behavioral Testing 
Behavioral testing for most children occurred prior to ERP testing and the two 
sessions (behavioral and ERP) were separated by no more than 14 days. Children were 
administered the Receptive Language subtest from the Clinical Evaluation of Language 
Fundamentals (CELF-3) (Semel, et al., 1995). A subset of the M group (n = 32) and the B 
group (n = 20) were also administered the Expressive Language subtest. Further, this 
subset of the B group was also administered the Spanish versions of the tests i.e., the 
Receptive Language and Expressive Language subtests (CELF-Sp) (Semel, et al., 1997). 
All children were administered the Receptive Vocabulary test—Peabody Picture 
Vocabulary Test (PPVT-III) (Dunn & Dunn, 1997), and the subtest Fluid Reasoning of 
the Non-verbal IQ-test Stanford Binet Intelligence Scales (SB-5) (Roid, 2003). Subsets of 
the M group (n = 33) and the B group (n = 18) were administered the complete SB-5. 
This subset of the B group was also administered the Spanish Receptive Vocabulary 
version of PPVT, Test de Vocabulario en Imagenes Peabody (TVIP; Dunn, et al., 1986). 
These subsets of children did not differ from the other children in this study within the 
same lingualism group (the M and B groups). 
2.3. Stimuli 
Narratives were written for ten “Pingu” episodes, claymation-video shorts using 
penguins as characters (Sony Music Entertainment Inc., Japan). Initially, 80 
canonical/violation sentence pairs were written for each narrative in third person. These 
included 20 of each of the following violation types: semantics, regular verb agreement, 
irregular verb agreement, and phrase structure. Of the last type non-word sentences 
(“Jabberwocky”) were constructed as well, resulting in an additional 20 sentence pairs. 
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Accordingly, 100 canonical/violation sentence pairs among well-formed filler sentences 
were created for each movie. Two complete soundtracks in which half of the sentence of 
one type (e.g., critical semantic sentences) were presented in the canonical or congruent 
form and half were presented in the violation or incongruent form were assembled and 
presented to different participants (e.g., The penguin skis across the ice toward Pingu and 
*The penguin skis across the ball toward Pingu; see Appendix G for more examples of 
semantic sentence pairs). Only ERPs elicited by semantic sentence pairs were analyzed 
for the current study. 
All critical words in the semantic condition referred to objects. Critical words 
from a congruent context were assigned to another sentence to create incongruent words. 
This design controlled for any effects specific to words and contexts, as identical contexts 
and critical words were employed in both semantically congruent and incongruent 
sentences with a few exceptions. These exceptions were typically caused by a critical 
word that was congruent in both contexts, in which case other sentences were recruited to 
create incongruency. To control for effects of familiarity, critical words were chosen 
from the MacArthur Communicative Development Inventory (Fenson, Dale, & Reznick, 
1992), such that words would be expected to be in the vocabulary of 3- to 5-year old 
native English speaking children (see Appendix F for complete list of critical words).  
Five native speakers of English (three female) recorded sentences for two videos 
in a sound-attenuated booth using Sound Edit software on a Macintosh Power PC. 
Critical sentences were recorded in pairs with the intention of maintaining identical 
prosody across the canonical and violation sentence types. The resulting sound files were 
processed using Sound Studio software on a Power Mac G5. For each sentence, volume 
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was normalized such that peak intensity was equal to 90% of the maximum possible. 
After which each sound file was edited to include approximately 200 ms (M = 193.65, SD 
= 42.88) of silence before the onset of the first word and 50 ms of silence after the offset 
of the final word. Hence, the sentence onset for each sentence in a canonical/violation 
pair was approximately equal with respect to the onset of the video files. To synchronize 
auditory stimuli with video stimuli, some video segments were looped and/or slowed 
using Final Cut Pro software on a Power Mac G5.  
 Audio files were set to begin approximately 1 second following the longest of the 
previous canonical/violation sentence resulting in at least 1050 ms of silence between 
sentences. All but occasional sound effects were removed from the original soundtrack so 
that they would not interfere with the presentation of sentences. The correct onset time of 
each audio file in relation to the onset of the video was specified. Video files were then 
converted into MPEG1 format with average playback duration of 6 minutes 54 seconds 
for the 10 videos. Onsets for critical words were determined by independent judgments of 
at least three trained researchers. These times were defined as the earliest indication of a 
new sound based on auditory and visual inspection of waveforms and spectrograms. 
When onset times identified by no fewer than three coders had a range of less than 16 ms 
(4 EEG samples), the onset time was defined as the earliest identified by one of the three 
researchers. When the range was more than 16 ms coders worked together to define the 
most accurate onset time. 
2.4. Procedure 
The ERP session started with an explanation of procedures to participants and 
accompanying parents or guardians, after which children were seated in a comfortable 
 97 
chair in a sound-attenuating and electrically shielded booth. An experimenter sat next to 
the child in the booth to give more detailed instructions (see Appendix H). A computer 
monitor displayed the video at a size of 4.5 x 6 inches 60- 65 inches in front of the child 
resulting in a maximum of 4.3 x 5.75 degrees of visual angle. Sounds were presented 
from a loudspeaker on top of the monitor at a comfortable listening level (65 dB). A 
closed-circuit monitor displayed the child in the booth. This was viewed by the 
experimenters outside of the booth and the parents. A bilingual native Spanish speaking 
research assistant helped parents fill out questionnaires on language usage (Appendix D) 
and was available to answer any questions throughout the experiment. 
2.5. ERP Recording and Analysis 
Electroencephalogram (EEG) was recorded from 29 tin electrodes mounted in an 
elastic cap (Electro-Cap International). These included three midline sites (Fz, Cz, and 
Pz) and 13 pairs of lateral sites (FP1/2, F7/8, FT7/8, F3/4, FC5/6, C3/4, C5/6, T3/4, 
CP5/6, P3/4, T5/6, TO1/2, and O1/2). The approximate locations of these electrodes on 
the scalp are shown in Figure 2.1. Data from midline sites and frontal pole sites (FP1/2) 
were not included in analyses. The effects of blinks on the vertical electrooculogram were 
recorded above both eyes and below the right eye. The effects of horizontal eye 
movements on electrooculogram were recorded at the outer canthi of the left and right 
eyes. Scalp electrodes were referenced to the right mastoid online and then re-referenced 
to the averaged mastoids offline. Mastoid- and scalp-electrode impedances were 
maintained below 5 kΩ and eye-electrode impedances below 10 kΩ.  
The EEG was amplified with Grass 7P511 amplifiers (bandpass .01-100 Hz) and 
digitized online with a sampling rate of 4 ms. Epochs of EEG that were 1600 ms in length 
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and began 100 ms before the onset of congruent and incongruent words were defined and 
subjected to a multi-step process to reduce noise from artifacts. First, visual inspection 
was used to exclude trials that contained artifacts from large movements and amplifier 
saturation. Second, the ‘runica’ routine of EEGLAB software (Delorm & Makeig, 2004) 
was applied. Third, independent components that reflected ocular artifacts were identified 
based on scalp topography and the component time series and removed. Fourth, manual 
artifact detection for any residual or atypical ocular artifacts not completely removed 
using ICA was conducted and identified segments were excluded from further analysis. 
For participants with data for which ICA did not converge on obvious ocular artifact 
components (typically due to low numbers of blinks and horizontal eye movements), only 
artifact rejection steps were taken. For each participant, data were only included in 
analysis if a minimum of 10 artifact-free trials in each of the two main conditions were 
available. The average percentages of useable trials by group are given in Table 4.1. 
There were no significant differences in the percentages of usable trials when comparing 
across lingualism groups, semantic condition, or proficiency group.  
A digital low-pass 40 Hz filter was applied to reduce high-frequency electrical 
noise and a digital high-pass .1 Hz filter was applied to reduce drift. ERPs were averaged 
separately time locked to congruent and incongruent words for each participant at each 
electrode site over the 1600 ms epochs with a 100 ms prestimulus baseline. Mean 
amplitude was measured in three time windows: 1) 200-800 ms, 2) 800-1300 ms, and 3) 
1300-1500 ms and subjected to a repeated measures ANOVA. The four within subject 
factors in the ANOVA were: Semantics (S: congruent/incongruent), Hemisphere (H: 
right/left), Lateral/Medial position (L: lateral/medial), and Anterior/Posterior position 
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(AP: six levels; frontal/fronto-temporal/temporal/central/parietal/occipital). Between-
subjects factors were Lingualism (monolingual/bilingual) or Proficiency (higher/lower). 
Following omnibus ANOVAs, additional analyses were performed in step-down fashion 
such that follow-up analyses were performed to isolate any significant interactions. The 
Greenhouse-Geisser correction was applied to all significance values for analyses that 
included factors with more than two levels. Corrected p-values and uncorrected degrees 
of freedoms are reported. 
To examine hypothesized relationships between N400 amplitude and behavioral 
measures, Pearson’s correlations were calculated and followed by multiple regression 
analyses to fully explore suggested relationships. For these analyses, for each of the 
participants the average difference amplitude (incongruent- congruent) was calculated for 
each electrode sites. The average difference amplitude was calculated in three time 
windows (200-800ms, 800-1300 ms, and 1300-1500 ms) over all electrode sites. Gender 
related analyses were included to address the concern of differences in gender ratio across 
the M and the B group. In the multiple regression analyses, the criterion was these 
differences in ERP amplitude. The predictors were any proficiency and demographic 
variables suggested to be relevant by the correlation analyses. Predictors were entered in 
a stepwise manner. Lingualism was entered in all regressions that were performed on all 
children. Within the bilingual group AoA was entered if exposure did not show a stronger 
correlation with mean difference amplitude. As the interest was to explore effects of AoA 
that could not be explained by proficiency alone this factor was entered after proficiency 
was controlled for. Correlations included all children with data in the particular measure, 
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while multiple regressions only included participants with data points in all measures 
analyzed, and therefore included fewer participants than the correlation measures.  
3. Results 
3.1. Behavioral Tests 
3.1.1. Monolingual children. Monolingual children who had taken the proficiency 
tests (n = 35, i.e., six children were missing data) typically scored within or above normal 
range on behavioral measures (Table 4.2; see Appendix I). There were positive 
correlations between scores on all of the behavioral tests (Table 4.3), but not between 
scores and demographic variables.  
3.1.2. Monolingual children by proficiency. Among monolingual children in the 
Higher-proficiency group (MHP, n = 16), all children scored within or above normal 
limits on behavioral measures (Table 4.2; see Appendix I).  
Monolingual children in the Lower Proficiency group (MLP, n = 16) typically 
scored within the normal range on behavioral measures (Table 4.2; see Appendix I). 
However, on the test of FR and the nonverbal IQ some children scored above the normal 
range (Appendix I). The independent sample t-tests on these tests indicated that the MHP 
group had higher scores than the MLP group on language proficiency tests. Scores on FR 
and Nonverbal IQ were similar across groups (p’s > .50, Table 4.2). 
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Table 4.2  
Scores of English Proficiency and Nonverbal Processing by Group. 
Grp Rec Lang (SD) 
range 
 
Exp Lang (SD) 
range 
Rec Voc (SD) 
range 
Fluid  Reas (SD)  
range 
M 103.7 (16.6) 
 61-139           
(n = 35)                 ** 
 
101.0 (17.9) 
 57-147 
(n = 31)                  ** 
108.9 (10.4) 
 81-131 
(n = 31) )             *** 
11.6 (2.8) 
 5-17 
(n = 32)           ** 
B  91.8 (11.5) 
 69-110 
(n = 38) 
 
 82.2 (18.0) 
 51-110 
(n = 20) 
 86.9 (11.2) 
 65-108 
(n = 40) 
 9.2 (3.2) 
 3-17 
(n = 36) 
MHP 116.4 (10.1) 
104-139 
(n = 16)           *** 
 
111.6 (13.0) 
 92-147 
(n = 14)                *** 
116.5 (6.3) 
105-131 
(n =14)                 *** 
11.4 (1.9) 
 9-15 
(n = 14) 
MLP  91.2 (13.4) 
 61-102 
(n = 16) 
 
 89.3 (15.2) 
 57-116 
(n = 15) 
102.0 (9.6) 
 88-126 
(n = 14) 
11.3 (3.5) 
 5-17 
(n = 15) 
BHP 101.0 (5.7) 
 92-110 
(n = 16)               *** 
 
 92.1 (14.7) 
 57-110 
(n = 9)                    ** 
 92.3 (7.9) 
 75-108 
(n = 16)                *** 
10.5 (3.7) 
 6-17 
(n = 15)            * 
BLP  81.2 (7.0) 
 69-91 
(n = 16) 
 
 67.1 (10.8) 
 51-84 
(n = 7) 
 79.1 (9.7) 
 65-92 
(n = 16) 
 7.7 (2.7) 
 3-14 
(n = 15) 
Note. Columns show standardized means. Scores between 85-115 are within normal range on 
the tests of Receptive Language, Receptive Vocabulary, and Expressive Language. Scores 
between 9-13 are within normal range on the test of Fluid Reasoning. Rec = Receptive; Lang = 
Language; Voc = Vocabulary; Reas = Reasoning; Exp = Expressive; Grp = Group; M = 
Monolingual; B = Bilingual; MHP = Monolingual Higher Proficiency; MLP = Monolingual Lower 
Proficiency; BHP = Bilingual Higher Proficiency; BLP = Bilingual Lower Proficiency. 
*p < .05. **p < .01. ***p < .001. Independent samples t-test  
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Table 4.3  
Monolingual Children: Relationships between Tests  
 
 Rec Voc  Fluid Reas IQ Exp Lang  
 
Rec Lang     
(n = 31)  
 
r = .70 
p < .001        
 
r = .36 
p = .047   
 
r = .50 
p = .004     
 
r = .86 
p < .001    
 
Rec Voc      
(n = 30)  
 
_ 
 
ns 
 
r = .38 
p = .037   
 
r = .73 
p < .001    
 
Fluid Reas   
(n = 32)  
  
_ 
 
r = .74 
p < .001   
 
r = .53 
p = .002   
 
IQ                 
(n = 31) 
   
_ 
 
r = .58 
p < .001   
Note. ns, non significant. SES: r’s < .22, p’s > .22, Gender: t-tests p’s > .29 except IQ where boys 
(M = 109.7, SD= 10.3) scored higher than girls (M = 102.4, SD = 9.4; t(31) = 2.06, p < .05). Rec =  
Receptive; Voc = Vocabulary; Reas = Reasoning; Exp = Expressive; Lang = Language.  
 
3.1.3. Bilingual children. Bilingual children who had taken the proficiency tests 
typically scored within or below normal limits on behavioral measures (Table 4.2; see 
Appendix I). For the subgroup of children tested on Spanish proficiency (n = 20) scores 
were typically within normal limits.  
Bivariate correlations demonstrated relationships within demographics and within 
proficiency measures. However, no demographic measures were related to any of the 
proficiency measures. Gender was related to language usage such that boys heard more 
English outside of home than girls did, and boys tended to speak more English with 
friends (Table 4.4). In addition, boys tended to have longer exposure to English compared 
to girls. For both genders, older children spoke more English with their friends. Though 
our SES measure was not significantly related to proficiency measures, higher maternal 
education was weakly related to both AoA and exposure. Earlier acquisition and longer  
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Table 4.4  
Bilingual Children: Relationship between Demographic Variables 
 
 Infant exposurea       
(n = 37) 
Eng w. friendsb           
(n = 38) 
AoA            
(n = 39) 
Exposure      
(n = 39) 
  
Age 
(n = 39) 
 
 
ns 
 
r = .36 
p = .028 
 
r = .32 
p = .047 
 
ns 
 
SES 
(n = 38) 
 
 
ns 
 
ns 
 
r = -.36 
p = .026 
 
r = .40 
p = .026 
Note. ns, non significant. SES with proficiency measures: r’s < .28, p’s > .1.  
a Language the child heard as an infant outside of home rated on a 7-point Likert scale (from 
Spanish only to English only). b Language the child uses with friends. Refer to Appendix D.  
Boys had more exposure to English as infants than girls. Infant exposure: boys M = 1.6 (1.1), girls 
M = 1.0 (0), t(36) = 2.78, p < .05 boys. Infant heard at home: boys M = 1.4 (1.0), girls M = 1.0 (0), 
t(36) = 2.19, p < .05. Infant heard outside of home: boys M = 3.0 (2.1), girls M = 1.6 (1.0), t(35) = 
2.71, p < .05. Boys currently used more English with friends: boys M = 5.8 (1.2), girls M = 4.1 
(2.0), t(36) = 3.25, p < .005. Boys had been exposed to English longer than girls (years; months): 
boys M = 3;5 (1;6), girls M = 2;4 (1;2), t(37) = 2.27, p < .05. Parents of girls rated their children’s 
abilities to speak Spanish on 4-point scale (from not much to near perfect) higher than parents of 
boys rated their children’s: boys M = 2.2 (.8), girls M = 2.7 (.5), t(36) = -2.21, p < .05. 
  
 
exposure to English were associated with higher SES. Further, there were positive 
correlations between scores on all of the behavioral tests within and across languages 
(Table 4.5). On all proficiency measures the M group scored higher than the B group 
(Table 4.2). 
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Table 4.5  
 
Bilingual Children: Relationships between Tests  
 
 Rec  
Voc 
(Eng) 
Fluid 
Reas 
IQ Exp 
Lang 
(Eng) 
Rec 
Lang 
(Sp) 
Exp 
Lang 
(Sp) 
Rec  
Voc  
(Sp) 
Rec Lang 
(Eng) 
(n = 39) 
 
r = .73 
p < .001   
 
r = .38 
p = .025  
 
r = .62 
p = .007  
 
r = .80 
p < .001  
 
r = .66 
p = .001  
 
ns 
 
r = .60 
p = .009  
Rec Voc 
(Eng)       
(n = 38) 
 
_ 
 
r = .34    
p = .042  
 
 r = .52 
p = .028  
 
r = .74 
p < .001 
 
r = .45 
p = .029  
 
ns 
 
r = .48 
p = .045  
Fluid 
Reas       
(n = 36) 
  
_ 
 
r = .74 
p = .001   
 
r = .51 
p = .037 
 
ns 
 
ns 
 
ns 
IQ 
(n = 18) 
   
_ 
 
r = .56 
p = .018  
 
ns 
 
ns 
 
r = .53     
p = .043  
Exp Lang 
(Eng)       
(n = 20) 
 
 
 
 
 
 
 
_ 
 
r = .50 
p = .024  
 
ns 
 
r = .55 
p = .019  
Rec Lang 
(Sp) 
(n = 20) 
     
_ 
 
r = .63 
p = .003 
 
r = .61 
p = .007  
Exp Lang 
(Sp) 
(n = 20) 
 
 
      
_ 
 
r = .61 
p = .007  
Note. ns, non significant. Rec = Receptive; Voc = Vocabulary; Eng = English; Reas = Reasoning;  
Exp = Expressive; Lang = Language; Sp = Spanish.  
 
3.1.4. Bilingual children by proficiency. Bilingual children were divided into two 
subgroups (n = 16) that differed in proficiency as measured by Receptive Language (RL) 
but were matched on age, AoA, and length of exposure (i.e., AoA subtracted from age; 
Table 4.6). Independent sample t-tests indicated that the bilingual high-proficiency group 
(BHP) scored higher than the bilingual low-proficiency group (BLP) on all behavioral 
measurements (Table 4.6). Children in the BHP group typically scored within normal  
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Table 4.6  
Test Scores and Demographics of Bilingual Proficiency Groups 
 
      BHP               BLP         independent samples t-test 
 
AoA   4;5 (1;3)        4;6 (1;6)  t(30) = .06, p = .950 
range   2;6-6;0        2;0-8;0  
 
Exposure   2;11 (1;5)        2;11 (1;7) t(30) = .03, p = .975 
range   1;4-5;11         0;1-6;1 
 
 
Sp Rec Lang  112.8 (7.0)        86.3 (12.3) t(14) = -5.45, p = .079 
range   106-125        70-101  
    (n = 9)        (n = 7)         
 
Sp Rec Voc*  101.9 (13.4)        84.8 (8.4) t(12) = -2.73, p = .018 
range    84-119        71-96  
    (n = 8)        (n = 6) 
 
Sp Exp Lang*** 103.1 (18.1)        87.0 (15.1) t(14) = -1.90, p < .001 
range    74-120        64-111 
    (n = 9)        (n = 7) 
            
IQ**   103.4 (8.0)        90.7 (6.3) t(12) = -3.22, p = .007 
range    88-114        86-103 
    (n = 8)        (n = 6) 
 
Parental Eng use a *   3.20 (.94)         2.33 (1.05) t(28) = -2.39, p = .024 
range     1-4          1-4  
    (n = 15)         (n = 15) 
Note. Age given in years; months. Columns are means. Standard deviation within brackets. ns 
are 16 if not noted. BHP = Bilingual Higher Proficiency; BLP= Bilingual Lower Proficiency; Rec = 
Receptive; Lang = Language; Voc = Vocabulary; Reas = Reasoning; Exp = Expressive; Eng = 
English; Sp = Spanish. 
a  Parents’ rating of their usage of English on a 7-point Likert scale from Spanish only to English 
only (refer to Appendix D). 
* p < .05. ** p < .01. *** p < .001. Independent samples t-test. 
 
limits on behavioral measures. In the BLP group, children typically scored within or 
below the normal range on behavioral measurements (Appendix J).  
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3.2. ERP Results 
Results for each lingualism group are presented separately, with the effects of 
proficiency first explored within each group, starting with the monolingual group.  
3.2.1. Semantic effect in monolingual children. In the M group, incongruent words 
elicited a larger medial centro-parietal negativity that began by 200-800 ms after onset 
and continued through the analyzed epoch (200-800ms: S: F(1,40) = 51.89, p < .001, S x 
L: F(1,40) = 34.45, p < .001, S x AP: F(5,200) = 4.29, p < .05; 800-1300 ms: S: F(1,40) 
= 13.82, p = .001, S x L: F(1,40) = 11.30, p < .005; 1300-1500 ms: S: F(1,40) = 5.73, p < 
.05, S x L: F(1,40) = 5.10, p < .05; Figure 4.1). In the last window, opposite to the 
expectations for auditory stimuli, the difference between conditions was larger over the 
right hemisphere (1300-1500 ms: S x H: F(1,40) = 4.71, p < .05). 
Correlation analyses with the mean difference of the two conditions and both 
demographics (SES and Age) and proficiency (RL, RV and FR) revealed no significant 
relationships for ERP measurements in the two first time windows but suggested a larger 
amplitude effect was associated with higher RL scores (200-800 ms: r = -.29, p = .087; 
800-1300 ms: r = -.28, p = .105). Larger amplitude ERP effects between 1300-1500ms 
were associated with higher SES (1300-1500 ms: r = -.32, p < .05). In multiple 
regressions with mean ERP difference across all electrodes as the criterion, RL explained 
variance in the N400 effect such that it increased as a factor of RL scores between 200-
800 ms and 800-1300 ms when entered first into the model (200-800 ms: R2 change = 
.12, F(1,28) = 3.76, p = .063, ß = -.34; 800-1300 ms: R2 change = .09, F(1,28) = 2.90, p = 
.100, ß = -.31). The significance of RL in predicting the amplitude of the N400 effect was 
reduced when entered after SES (200-800 ms: R2 change = .10, F(1,27) = 3.27, 
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Figure 4.1. Semantic effects in monolingual children. 
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p = .082, ß = -.33; 800-1300 ms: R2 change = .09, F(1,28) = 2.64, p = .117, ß = -.30). 
Between 1300-1500ms the N400 effect was found to be larger as a factor of SES when 
entered first into the model (R2 change = .14, F(1,28) = 4.51, p < .05, ß = -.37). 
Significance of this explaining factor was reduced when entered after RL and RV (R2 
change = .12, F(1,26) = 3.75, p = .064, ß = -.36). 
3.2.2. Monolingual children: Semantic effect by proficiency. Relationships 
between the N400 effect and proficiency were further explored in between-group 
analyses of higher and lower proficiency groups. This approach explored differences in 
distribution that could not be captured in multiple regressions. 
As was true across all monolingual children, the MHP group showed a medial 
centro-parietal negativity in all time windows (200-800 ms: F(1,15) = 54.50, p < .001, S 
x L: F(1,15) = 30.51, p < .001, S x L x AP: F(5,75) = 11.07, p < .001; 800-1300 ms: 
F(1,15) = 13.75, p < .005, S x L: F(1,15) = 24.11, p < .001, S x L x AP: F(5,75) = 3.98, p 
< .05; 1300-1500 ms: F(1,15) = 4.29, p = .056, S x L: F(1,15) = 8.87, p < .01; Figure 
4.2). In the two later time windows the effect was right lateralized, opposite to the 
expected left lateralization previously observed with auditory presentation (800-1300 ms: 
S x H: F(1,15) = 11.92, p < .005; 1300-1500 ms: S x H: F(1,15) = 22.95, p < .001).  
For the MLP group the effect of semantic congruency was smaller in amplitude 
and shorter in duration. The effect was significant between 200-800 ms when it was 
largest over medial and occipital sites (S: F(1,15) = 24.87, p < .001, S x L: F(1,15) = 
7.62, p < .05, S x AP: F(5,75) = 5.86, p < .05). Between 800-1300 ms the negativity 
resulted in a non-significant trend (800-1300 ms: S: F(1,15) = 3.89, p = .067;1300-1500 
ms: all p’s > .135; Figure 4.3). 
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Figure 4.2. Semantic effects in monolingual higher proficiency children. 
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Figure 4.3. Semantic effects in monolingual lower proficiency children.  
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Direct comparison of the monolingual proficiency groups revealed a non-
significant trend suggesting a difference in distribution of the earliest effect (200-800: S x 
AP x Group: F(5,150) = 2.75, p = .093). For comparison, difference waves (incongruent 
– congruent) are shown in Figure 4.4. The MHP group tended to have a larger effect over 
anterior sites (S x Group at frontal, fronto-temporal, temporal, and central sites: F(3,90) = 
4.06, p = .053; Figure 4.5). The negativity was larger in the MHP than the MLP group 
over right hemisphere between 800-1300 ms (S x Group: F(1,30) = 3.23, p = .082, S x H 
x Group: F(1,30) = 6.74, p < .05; S x Group at right hemisphere sites: F(1,30) = 7.29, p < 
.05). Group differences in the amplitude of the effect especially over the right hemisphere 
appeared to continue 1300-1500 ms after onset but were not significant at any subset of 
electrodes (S x H x Group: F(1,30) = 4.94, p < .05; over right hemisphere sites all p’s > 
.165).  
 
 
Figure 4.4. N400 by monolingual proficiency groups. Mean difference in amplitude for 
words congruent and incongruent with the semantic context between 200-800 ms by 
proficiency group over frontal (F), fronto-temporal (FT), temporal (T), central (C), 
parietal (P), and occipital (O) sites. Error bars represent standard error. 
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Figure 4.5. Difference waves: semantic context in MHP (monolingual higher proficiency 
group) in green and MLP (monolingual lower proficiency group) in pink.  
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3.2.3. Semantic effect in bilingual children. The B group showed a similar medial 
centro-parietal effect of semantic incongruency observed in the M group that began 200-
800 ms after onset and lasted throughout the recorded epoch (200-800 ms: S: F(1,39) = 
24.46, p < .001, S x L: F(1,39) = 6.59, p < .05, S x L x AP: F(5,195) = 5.06, p < .01; 800-
1300 ms: S: F(1,39) = 20.77, p < .001, S x L: F(1,39) = 14.66, p < .001, S x L x AP: 
F(5,195) = 3.04, p < .05; 1300-1500 ms: S: F(1,39) = 13.94, p < .005, S x L: F(1,39) = 
8.27, p < .01; Figure 4.6). Further, the later portion of the auditory semantic ERP effect 
was also right lateralized in the B group (800-1300 ms: S x H: F(1,39) = 6.09, p < .05). 
Correlation analyses between demographics (Age, SES, AoA, and Exposure), 
proficiency (RL, RV, and FR) suggested a larger effect 1300-1500 ms with higher scores 
on the FR test (r = -.31, p = .066) and a smaller effect during this time window with 
Exposure (r = .31, p = .059).  
FR was entered as a nuisance variable in the multiple regressions where the mean 
difference amplitude over all electrode sites was entered as criterion. The amplitude of 
the N400 effect increased as a factor of RL when Exposure and RV was controlled for in 
all time windows (200-800 ms: R2 change = .11, F(1,31) = 3.68, p = .064; ß = -.51; 800-
1300 ms: R2 change = .09, F(1,31) = 3.28, p = .080; ß = -.47; 1300-1500 ms: R2 change = 
.10, F(1,31) = 3.75, p = .062; ß = -.50). The significance of the models were increased 
when FR was not entered as a nuisance variable, as more participants were included (i.e., 
participants with data in RL and RV but not FR) (200-800 ms: R2 change = .18, F(1,34) = 
7.66, p < .01; ß = -.64; 800-1300 ms: R2 change = .11, F(1,34) = 4.32, p < .05; ß = -.49; 
1300-1500 ms: R2 change = .14, F(1,34) = 6.34, p < .05; ß = -.56). In no model did 
Exposure explain any variance of the amplitude, not even when entered first. 
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Figure 4.6. Semantic effects in bilingual children.  
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3.2.4. Bilingual children: Semantic effect by proficiency. The BHP group showed 
a medial negativity in all three time windows (200-800 ms: S: F(1,15) = 15.44, p = .001, 
S x L x AP: F(5,75) = 2.56, p = .065; 800-1300 ms: S: F(1,15) =14.02, p < .005, S x L: 
F(1,15) = 5.32, p < .05; 1300-1500 ms: S: F(1,15) = 18.60, p = .001, S x L: F(1,15) = 
7.62, p < .05). The later portion of the effect was right lateralized (800-1300 ms: S x H: 
F(1,15) = 6.68, p < .05; 1300-1500 ms: S x H: F(1,15) = 6.72, p < .05; Figure 4.7). 
The semantic congruency effect over medial and parietal regions did not last as 
long in the BLP group, but it was evident at the earliest times (200-800 ms: S: F(1,15) = 
4.85, p < .05, S x H x AP: F(5,75) = 4.17, p < .05; 800-1300 ms: S: F(1,15) = 4.30, p = 
.056, S x L: F(1,15) = 8.94, p <  .01; S at medial sites: F(1,15) = 6.14, p < .05; 1300-1500 
ms: S x L: F(1,15) = 3.91, p = .067; at medial sites all p’s > .207; Figure 4.8).  
Comparisons of the congruency effect across bilingual proficiency groups were 
not significant at any subset of electrodes. However, interactions suggested similar 
distribution differences as described for the monolingual proficiency groups, i.e., more 
central and right lateralized in the BHP group (200-800 ms: S x H x AP x Group: 
F(5,150) = 3.27, p < .05, S x H x L x AP x Group: F(5,150) = 3.44, p < .05; 800-1300 
ms: S x H x AP x Group: F(5,150) = 2.11, p = .100; over right hemisphere sites: S x 
Group: F(1,30) = 3.08, p = .089; 1300-1500 ms: all p’s > .138; Figures 3.9 and 3.10). 
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Figure 4.7. Semantic effects in bilingual higher proficiency children.  
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Figure 4.8. Semantic effects in bilingual lower proficiency children.  
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Figure 4.9. N400 effect by bilingual proficiency groups. Mean difference amplitude 
between 200-800 ms by proficiency group over left and right hemisphere over frontal (F), 
fronto-temporal (FT), temporal (T), central (C), parietal (P), and occipital (O) sites. Error 
bars represent standard error. 
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Figure 4.10. Difference waves: semantic context in BHP (bilingual higher proficiency 
group) in green and BLP (bilingual lower proficiency group) in pink.  
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3.2.5. Semantic effect across lingualism. In the analyses reported so far, 
proficiency affected amplitude of the N400 in both the M group and the B group. In the B 
group multiple regressions suggested that AoA or Exposure did not explain variance in 
amplitude of the effect. In the following analyses the effect of AoA was explored by 
comparing lingualism in between-group ANOVAs and in multiple regressions. 
The semantic congruency effect was larger for the M group than the B group over 
medial regions between 200-800 ms (200-800 ms: S x Lingualism: F(1,79) = 2.80, p = 
.098, S x L x Lingualism: F(1,79) = 7.08, p < .01, S x L x AP x Lingualism: F(5,395) = 
2.68, p < .05; S x Lingualism at medial sites: F(1,79) = 3.99, p < .05; Figures 3.11 and 
3.12). There were no interactions with Semantics and Lingualism in the other time 
windows (800-1300 ms: all p’s > .147; 1300-1500 ms: all p’s > .180). 
 
 
Figure 4.11. N400 effect by lingualism groups. Mean difference amplitude between 200-
800 ms by lingualism group over lateral and medial sites. Error bars represent standard 
error.   
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Figure 4.12. Difference waves: M (monolingual group) in green and B (bilingual group) 
in pink for semantic context.  
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Correlational analyses between the amplitude of the congruency effect in all 
children (the M and B groups), proficiency (RL, RV, and FR), and demographics (Age, 
SES, and Lingualism) indicated a larger ERP effect with higher scores on the RL test 
between 200-800 ms and a nonsignificant trend between 800-1300 ms (200-800 ms: r = -
.29, p < .05; 800-1300 ms: r = -.21, p = .078).  
In the multiple regressions with difference in mean amplitude as the criterion, the 
amplitude increased as a factor of RL when RV and Lingualism was controlled for (200-
800 ms: R2 change = .12, F(1,64) = 8.81, p < .005, ß = -.52; 800-1300 ms: R2 change = 
.08, F(1,64) = 5.92, p < .05, ß = -.44; 1300-1500 ms: R2 = .07, F(1,64) = 4.82, p < .05, ß 
= -.40). Lingualism did not explain any variance in the amplitude whether entered first 
into the model or after proficiency measures. 
4. Discussion 
When listening to continuous connected speech that accompanied a claymation 
movie, monolingual (M) and bilingual (B) 6- to 8-year olds who differed in English 
proficiency showed an effect of semantic congruency on ERPs. As expected, incongruent 
words elicited a larger negativity (N400). Though the effect was larger in the M group 
200-800 ms after words onset over medial regions, the effect of semantic incongruency 
was otherwise strikingly similar for monolingual and bilingual children. That is, the N400 
was broadly distributed across time (200-1500 ms) and was right lateralized in both 
groups.  
Within each lingualism group and in analyses across all children (M and B 
children combined) multiple regressions indicated the amplitude of the N400 effect was 
larger in all time windows (200-800ms, 800-1300 ms, and 1300-1500 ms) with greater 
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proficiency as measured by the Receptive Language test (RL). In contrast, neither AoA, 
length of exposure, lingualism, or age explained any variance in the amplitude of the 
N400 effect. As has been shown in previous studies, proficiency was the most important 
factor in predicting neurocognitive differences in semantic processing. However, it is also 
important to recognize that including 6- to 8-year-old children necessarily meant the 
populations had limited variability in AoA, length of exposure, and age. 
To further explore effects of proficiency within monolingual and bilingual 6- to 8-
year olds both groups were divided by a median split of standard scores in RL while 
controlling for age, SES, and AoA. Similar effects of proficiency were found in both 
groups. More specifically, in both the MHP and the BHP group, the difference in ERP 
amplitude at medial sites was evident by 200 ms after onset. Further, both high-
proficiency groups showed right-lateralization of the effect in the later portions of the 
measured epoch. The distribution observed in the two high-proficiency groups was more 
similar to the mature centro-parietal effect observed in adults (e.g. Hahne, 2001; Weber-
Fox & Neville, 1996, 2001; Neville et al., 1997).  
Previous studies have reported that the lateralization of N400 effects in response 
to semantic anomalies is affected by the modality of presentation (e.g., Holcomb et al., 
1992). More specifically, auditory presentation has been associated with left lateralization 
and visual presentation with right lateralization. Further, the onset of the congruency 
effect is typically reported to be earlier with auditory presentation. One could speculate if 
the right lateralization in the later portions of the N400 in the current study could be 
related to the visual presentation that was part of the semantic context. This could be 
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further explored by comparing the N400 effect in children who listened to the same 
auditory stimuli without the accompanied visuals. 
In the two lower proficiency groups (MLP and BLP), the N400 was evident at 
medial sites across a briefer time window and generally had a more posterior distribution. 
A more posterior distribution of the N400 effect has also been reported in a previous 
study of children with language impairment (Neville et al., 1993). The similarity between 
lower-proficiency monolingual and bilingual children and children with language 
impairment could be due to a more limited vocabulary sizes in all of these groups 
(Kohnert, 2000; Sheng & McGregor, 2010). Further, higher proficiency groups tended to 
have a larger frontal congruency effect compared to lower proficiency groups, replicating 
the effect of proficiency in monolingual and bilingual adults (Ardal et al., 1990). No 
lateralization of the ERP effect was evident in the lower proficiency groups, which could 
suggest these groups did not integrate the visual context with the auditory stimuli in the 
same manner as higher proficiency children. These combined results suggest differences 
between the lingualism groups were driven by proficiency, even though it is important to 
note that these groups also differed in SES, lingualism, and AoA. 
The proficiency tests used in this study have been employed frequently. The 
bilingual sample scored similarly to what has previously been reported for native Spanish 
speakers on measures of English proficiency (Fernández, et al., 1992; Gottardo, et al., 
2008; Oller, et al., 2007; Páez & Rinaldi, 2006; Páez, et al., 2007; Pearson & Fernández, 
1994; Proctor, et al., 2005; Tabors, et al., 2003; Uccelli & Páez, 2007; Umbel, et al., 
1992). Even so, the validity of these tests for a bilingual sample has been questioned 
(Cobo-Lewis, et al., 2002a; Peña & Quinn, 1997; Restrepo & Silverman, 2001). The B 
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group scored lower than the M group on all proficiency tests. The subset of the B group 
tested in both L1 and L2 proficiency showed strong positive relationships across 
languages and scores on L1 tests were within the same range as scores on L2 tests. These 
results suggested the B group had lower proficiency in both their languages than the M 
group in their only language and that differences between groups were not due to 
comparing proficiency in an L1 with proficiency in an L2. The use of multiple regression 
and large sample sizes to divide both the M group and the B group into groups based on 
proficiency made it possible to determine the relative importance of proficiency and 
lingualism on semantic processing. One advantage of this approach is to reduce the 
importance of the validity of the proficiency tests in comparisons across groups. 
Language proficiency is often strongly related to SES (e.g., Hart & Risley, 1995; 
Gathercole, et al., 1991). However, this relationship was not evident in the current study 
even though SES differed significantly across lingualism groups. For both the M group 
and B, there was little variability in SES, which could explain the lack of a significant 
relationship. Alternatively, our proxy for SES, maternal education, may not have been 
sensitive enough to detect any relationships. However, in the B group AoA and language 
input were related to SES, such that children of higher SES background were immersed 
in L2 earlier than children of lower SES. Interestingly, there were indications of not only 
earlier but also more exposure to L2 in these children. Higher SES parents reported 
speaking more English than lower SES parents did. This result is similar to earlier reports 
that higher L2 proficiency and lower L1 proficiency are associated with higher SES in 
bilingual children. (Cobo-Lewis, et al., 2002b; Schwartz & Stiefel, 2006). 
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In summary, bilingual 6- to 8-year-old children with no more than 4 years of 
exposure to their second language displayed similar effects of words violating the 
semantic context as monolingual children of the same age. Our results strongly suggest 
similar effects of proficiency within and across groups. The differences in amplitude and 
distribution of the N400 effect were driven by language proficiency rather than 
lingualism.  
5. Conclusion 
In bilingual children 6- to 8-years of age the larger N400 observed in response to 
words in incongruent contexts was similar to that observed in monolingual children of the 
same age. Language proficiency was related to the amplitude, a more mature centro-
parietal distribution, and a late right lateralization of the N400 congruency effect within 
both monolingual and bilingual groups. Multiple regressions on the N400 effect indicated 
proficiency rather than AoA or lingualism was related to amplitude within and across 
groups. Previous studies of bilingual adults’ semantic and syntactic processing suggest 
large group differences in syntactic processing alone. These differences are thought to be 
driven mainly by AoA but to some extent also proficiency. In the following chapter 
processing of phrase structure in monolingual and bilingual children will be investigated.
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CHAPTER V 
EFFECTS OF AGE OF ACQUISITION AND PROFICIENCY ON PROCESSING OF 
SYNTAX IN 6- TO 8- YEAR-OLD MONOLINGUAL AND BILINGUAL CHILDREN: 
AN ERP STUDY 
1. Introduction 
 Neurocognitive studies of second language syntactic processing in adult bilinguals 
consistently report less native-like processing with post-pubertal acquisition (e.g., Hahne, 
2001; Hahne & Friederici, 2001; Weber-Fox & Neville, 1996). To explore the effects of 
proficiency, while controlling for age of acquisition (AoA), the initial stages of adult 
second language (L2) acquisition have been investigated (e.g., Friederici, Steinhauer, & 
Pfeifer, 2002; Mueller, et al., 2005; Osterhout, et al., 2006; Osterhout, et al., 2008), as 
have effects of proficiency on syntactic processing in monolingual adults (Pakulak & 
Neville, 2010). The current study extended these investigations to monolingual and 
bilingual children. More specifically, effects of proficiency and AoA on syntactic 
processing in 6- to 8-year old children were explored to better understand the 
development of neural organization for syntactic processing. 
The earlier in childhood a second language was acquired, the more native-like the 
processing of syntax has been found to be in adulthood (Weber-Fox & Neville, 1996). 
However, it is not known when in the course of acquisition this native-like processing 
emerges, and how L2 processing in children is related to proficiency and AoA. The 
current study investigated processing of phrase structure violations in Spanish-English 
bilingual children with AoAs ranging from 1- to 6-years of age. Effects of AoA were 
explored when comparing bilingual children’s L2 syntactic processing with that of 
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monolingual children of similar ages and also within the group of bilingual children. 
Proficiency effects were explored within both monolingual and bilingual groups 
(lingualism groups). 
 Three distinct bodies of literature exploring adult-language processing contribute 
to predictions of ERP effects in bilingual children: 1) syntactic processing in monolingual 
adults, 2) the effects of syntactic proficiency on syntax-related ERPs, and 3) the effects of 
L2 AoA on syntactic processing in bilingual adults. In monolingual adults, phrase 
structure violations such as those used in the current study typically elicit a biphasic 
response. Specifically, syntactic violations elicit a left-lateralized anterior negativity 
(LAN) 100-500 ms after onset and a posterior positivity (P600) approximately 500-1000 
ms after the onset of a critical word in both auditory and visual modalities (e.g., 
Friederici, Pfeifer, & Hahne, 1993; Friederici, Steinhauer, & Frisch, 1999; Gunter, 
Friederici, & Hahne, 1999; Hahne, 2001; Hahne & Friederici, 1999; Neville, Nicol, 
Barss, Forster, & et al., 1991; Yamada & Neville, 2007). It has been proposed that the 
anterior negativity has two distinct components: an early left anterior negativity (ELAN: 
100-300 ms) and a left anterior negativity (LAN: 300-500 ms) (Friederici, 1995; 
Friederici, 2002; Friederici, 2005; Friederici, Hahne, & Mecklinger, 1996; Hahne & 
Jescheniak, 2001). The early effect has been hypothesized to index an automatic 
response, in contrast to the P600, which has been suggested to index reanalysis or repair 
of the sentence. The automaticity of the LAN has been supported by evidence that it has 
an early onset and is not affected by manipulating the proportion of violations (Hahne & 
Friederici, 1999) or the task (Hahne & Friederici, 2002). The anterior negativity was of 
equal amplitude when the violation rate was 20% and 80% and if asked to attend to the 
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semantic aspects of the stimuli. In contrast, the P600 was not present when violations 
were frequent and when attending to semantics, suggesting this ERP effect reflects a 
more controlled process (Hahne & Friederici, 1999; 2002). The P600 is also elicited by 
garden-path sentences and sentences that are syntactically more complex (Kaan, Harris, 
Gibson, & Holcomb, 2000; Kaan & Swaab, 2003; Osterhout & Holcomb, 1992, 1993; 
Osterhout, Holcomb, & Swinney, 1994). Thus, the posterior effect is thought to reflect 
difficulties with syntactic integration, including the difficulty introduced by violations.  
In a study of AoA effects on L2 processing of English phrase structure violations, 
native-speaking adults and bilinguals with acquisition prior to 4 years of age displayed a 
LAN followed by a P600 (Weber-Fox & Neville, 1996). Adults with later acquisition 
showed a bilaterally distributed anterior negativity and a later, smaller P600. When 
acquisition was later than 16 years of age, the anterior negativity was largest over the 
right hemisphere and the P600 was not significant in the analyzed time windows. 
Proficiency was related to AoA and may have contributed to the ERP effects attributed to 
AoA. Effects of AoA on processing of phrase structure have been reported in subsequent 
studies (Hahne, 2001; Hahne & Friederici, 2001). However, also in these studies AoA 
was confounded with proficiency. More specifically, Russian-German bilingual adults 
who rated themselves as good or very good in German displayed only a P600 while 
Japanese-German bilinguals that were of lower proficiency did not display any significant 
ERP effects to phrase structure violations. These two groups did not differ in AoA that 
was on average 21 years for both groups, even though their self-rated proficiency and 
length of exposure (5 and 2.5 years) differed. 
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 A recent ERP study of the effect of monolingual adults’ language proficiency on 
processing of phrase structure violations found proficiency-related variations in the 
distribution and amplitude of ERP effects (Pakulak & Neville, 2010). Higher proficiency 
monolingual adults displayed an anterior negativity that was temporally focal, largest 
over the left hemisphere, and was followed by a large posterior positivity that extended to 
anterior and medial regions. The anterior negativity in the lower proficiency group was 
bilaterally distributed, extended temporally, and was followed by a smaller posterior 
P600. This study suggested similar differences between proficiency groups within 
monolingual adults as between monolingual and bilingual groups. However, effects of 
AoA on processing of phrase structure violations have been found in monolingual and 
bilingual adults even when matched for proficiency in English (Pakulak & Neville, in 
press). Native speakers displayed an early, bilateral anterior negativity followed by a 
temporally focal P600 that was largest over posterior sites. Bilingual late learners of 
English (AoA 10-12 years of age) did not show a significant anterior negativity, and the 
P600 was more widely distributed. The results of this study suggested late learners may 
rely on different processing to achieve similar proficiency as in native speakers. 
 Studies of adults suggest that both AoA and proficiency may impact the ERP 
indices of syntactic processing in bilingual children. However, only a few published 
studies of adults exist and methodological differences limit the interpretability of the 
results. It is also important to consider the effects of syntactic processing in monolingual 
children to understand the effects of language proficiency and experience in bilingual 
children. A biphasic response to phrase structure violations has been reported in 
monolingual children as young as 32 months (Oberecker, Friedrich, & Friederici, 2005). 
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The onset latency of both the anterior negativity and the posterior positivity was later in 
children compared to adults when presented with predictable violations in simple, 
unrelated sentences in motherese (i.e., slow presentation with exaggerated intonation and 
pauses between words). Furthermore, the anterior negativity had a similar left-lateralized 
distribution in children as well as in adults, although the effect lasted longer in children. 
The P600 amplitude was smaller and more pronounced over right central regions for 
children but bilaterally distributed in adults. No anterior negativity, but a posterior 
positivity with similar distribution as in 32-month olds, was found in 24-month olds 
listening to the same stimuli (Oberecker & Friederici, 2006).  
The specific syntactic structures monolingual children process with higher 
degrees of proficiency also impact the anterior negativity in response to violations. 
Children showed a more left-lateralized pattern when listening to simpler active 
sentences, and a less mature distribution with passive sentences (Hahne, et al., 2004; 
Sabisch, et al., 2006). In the case of the more difficult passive sentences, unlike simple 
sentences spoken in motherese, an extended developmental time course was evident in 
the distribution of the anterior negativity: this effect was right-lateralized in 6-year olds, 
bilateral in 9- to 12-year olds, and left-lateralized in 13-year olds (Hahne, et al., 2004). 
These combined results suggest that children display a biphasic response that appears 
more mature with age and with easier syntactic constructions.  
Overall, only a few studies have explored monolingual children’s processing of 
phrase structure, and to date none have explored bilingual children’s processing or phrase 
structure. The current study explores AoA and proficiency effects in monolingual and 
bilingual children’s processing of phrase structure.  
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More specifically, in the present study auditory sentences in active voice were 
presented to monolingual and bilingual children between 6- and 8-years of age. Bilingual 
children’s AoA ranged from 1- to 6-years of age, but most children acquired English 
when they started school on average at 4.5-years of age. It is important to note that 
participants of a similar narrow range of AoA would typically be grouped together in 
studies of adult bilinguals. Further, this limited and nonvariable range of AoA would 
likely limit findings of AoA effects on the syntactic ERP effects.  
Our stimuli differed from those used in previous studies in that the sentences were 
presented as continuous, natural speech in a story-telling voice at a natural rate of speech. 
The stimuli were presented concurrently with claymation movies. Accordingly, there was 
a coherent narrative context in each movie, which created a semantic relationship among 
sentences and between the sentences and images. This approach enabled us to measure 
children’s language processing in a context that was more ecologically valid. 
Even though there are no neurocognitive studies of syntactic processing in 
bilingual children, there exists a behavioral literature on syntax acquisition (e.g., Conboy 
& Thal, 2006; Marchman, et al., 2004; Patterson, 1998; Swanson, et al., 2008). The 
bilingual children included in the current study were expected to have enough experience 
with English (on average three years) to have attained most of the syntactic rules 
(MacSwan & Pray, 2005). In fact, most children in the current study had an English 
proficiency within levels expected for monolingual children of similar age. Further, the 
phrase structure violations in English employed in this study would also violate word 
order rules in Spanish, even though word order is less important in this morphologically 
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richer language (Gutiérrez-Clellen, Restrepo, Bedore, Peña, & Anderson, 2000; Sébastian 
& Slobin, 1994). 
In the US, bilingual children with Spanish as a native language generally have 
lower Socioeconomic status (SES) than the monolingual population to which they are 
compared (American Community Survey, 2005-2009). Socioeconomic status is 
positively related to the quality and quantity of L2 input (Patterson, 2002; Uchikoshi, 
2006), and L2 syntactic proficiency (Gathercole, 2007; McClintock & Baron, 1979; 
Pearson, 2002). The relationship between SES and proficiency is therefore an important 
consideration. The current study employed maternal education level as a proxy for SES 
since it has been shown to be highly correlated with other SES measures (Bornstein, et 
al., 2003; Noble, et al., 2005) and is both easy to collect and straightforward to 
categorize. As such, proficiency with English syntax, SES, age, and AoA are important 
factors to consider in interpreting ERP indices of syntactic processing in monolingual and 
bilingual children.  
Because of this novel paradigm that included a low rate of phrase structure 
violations (10% of the presented sentences) precise predictions were difficult. However, 
based on the literature discussed above, we predicted that monolingual 6- to 8-year-old 
children would show a biphasic response and bilingual children would show a less mature 
pattern. Effects of language proficiency on ERPs that has not earlier been explored in 
children were first explored within both lingualism groups. This approach enabled a 
control of the variable AoA within both groups. Knowledge of proficiency effects on the 
ERP results in both groups helped us distinguish AoA effects from proficiency effects. In 
multiple regressions within each lingualism group variables thought to affect amplitude 
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could be further explored. More specifically, within the bilingual group the continuous 
factor AoA was entered as a predictor. As expected in children, AoA and length of 
exposure was highly correlated (r = -.84, p < .001) therefore only one of the predictors 
was entered into the model.  
We expected the anterior effect to be more sensitive to differences in language 
experience. To more readily explore effects of proficiency and AoA on the ERP effects 
lingualism groups were compared. These groups were expected to differ in SES, 
language experience, and proficiency. As lingualism groups were too small to match on 
all of these variables, multiple regressions were utilized, such that these variables were 
entered as predictors of amplitude of the ERP effects. Especially distribution of effects 
was explored by between-group analyses. 
2. Methods 
2.1. Participants 
 
The final sample consisted of 40 6- to 8-year-old monolingual native English 
speaking children and 39 bilingual children with Spanish as L1 and English as L2 (Table 
5.1). The average AoA was 4 years and 3 months (range = 2;0-6;6, SD =  1;3) and the 
average length of exposure to English was 3 years and 3 months (range = 1;4-5;11, SD = 
1;4). ERPs were recorded from an additional 10 monolingual and 5 bilingual children 
whose data were excluded from analysis because of insufficient data (fewer than 10 trials 
in each condition) after artifact rejection. All participants were right-handed (Oldfield, 
1971), had normal or corrected-to-normal vision, normal hearing, were screened for 
childhood behavioral and neurological problems, and were paid for their participation.  
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Within each lingualism group, children were divided into two proficiency groups 
by a median split of their receptive language scores (CELF-3) while controlling for age 
and for the bilingual group, AoA. Monolingual children (M) were divided into Higher 
Proficiency (MHP), and Lower Proficiency (MLP) groups and Bilingual children (B) 
were divided into Higher Proficiency (BHP), and Lower Proficiency (BLP) (Table 5.1).  
 
Table 5.1 
Groups 
 
   N           M Age  M SES1       % Trials in Analysis:  
            (Females) range  range        Canonical/Violation      
M             40       7;5 (0;10) 5.3 (.9)2            54% (12.7)/ 53% (11.7)  
            (23)      6;0-8;11 4-7      
                                *** 
B    39       7;6 (0:10) 2.3 (1.7)2        55% (12.9)/ 54% (13.2)    
  (13)      6;1-9;03        1-7 
      
MHP   17       7;6 (0;10) 5.4 (.6)            60% (11.4)/ 59% (10.5)        
   (9)      6;1-8;11 5-7 
 
MLP   17       7;6 (0;11)      5.0 (1.1)          51% (10.8)/ 51% (9.7)     
  (12)      6;1-8;10        4-7 
      
BHP   16       7;7 (0;10)      2.0 (1.4)           61% (12.4)/ 59% (12.3)      
   (5)      6;3-9;03        1-5 
 
BLP   16       7;7 (0;10) 2.3 (1.8)          50% (12.7)/ 51% (13.9)  
                       (5)                6;1-8;7          1-7 
Note. Age shown in years; months. Standard deviation given in parenthesis, except for first 
column where it denotes number of females. Trials indicate percent included in analysis after 
artifact rejection. M = Monolingual; B = Bilingual; MHP = Monolingual Higher Proficiency; MLP = 
Monolingual Lower Proficiency; BHP = Bilingual Higher Proficiency; BLP = Bilingual Lower 
Proficiency. 
1 The seven point scale taken from Hollingshead (1975) included (1) less than 7 years of 
education, (2) between 7 and 9 years of education, (3) 10 to 11 years of education (part of high 
school), (4) high school graduate, (5) 1 to 3 years at college (also business school), (6) four-year 
college graduate (BA, BS, BM), and (7) a professional degree (e.g., MA, MS, ME, MD, PhD). 
2 one child missing data, this child was not significantly different from other children in the group. 
3 9;0 is 8;11;16 in years; months; days. 
*** p < .001. Independent samples t-test. 
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Maternal education was collected as a measure of socio-economic status (SES) for 
children. Mean level of maternal education was significantly higher in the M group in 
comparison to B, and proficiency groups within each language group did not differ in 
SES (Table 5.1). There were more girls in the M group compared to the B group (t(77) = 
2.19, p <  .05). There were no differences in the gender ratio between the proficiency 
groups within the M or the B group (both p’s > .303). 
2.2. Behavioral Testing 
Behavioral testing for most children occurred prior to ERP testing by no more 
than 14 days. Most children were administered the Receptive Language subtest from the 
Clinical Evaluation of Language Fundamentals (CELF-3) (Semel, et al., 1995). A subset 
of monolingual (n = 30) and bilingual (n = 19) children were also administered the 
Expressive Language subtest. This subset of bilingual children was also administered the 
Spanish versions of the same tests: the Receptive and Expressive Language subtests of 
the Clinical Evaluation of Language Fundamentals – Spanish (CELF-Sp) (Semel, et al., 
1997). This group did not differ from the other bilingual children in this study on any 
proficiency or demographic measure (p‘s > .5). 
Most children were administered the receptive vocabulary test—Peabody Picture 
Vocabulary Test (PPVT-III) (Dunn & Dunn, 1997), and the Fluid Reasoning subtest of 
the Stanford Binet Intelligence Scales (SB-5) (Roid, 2003). Subsets of the M group (n = 
30) and the B group (n = 18) were administered the complete SB-5. A subset of the B 
group (n = 17) was also administered the Spanish version of the receptive vocabulary test 
i.e., Test de Vocabulario en Imagenes Peabody (TVIP; Dunn, et al., 1986).  
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2.3. Stimuli 
Ten sets of sentences, each containing 100 sentence pairs among filler sentences 
were written to form coherent narratives corresponding to simultaneously presented 
videos featuring “Pingu” the penguin (Sony Music Entertainment Inc., Japan). Sentence 
pairs were divided into 20 canonical/violation pairs with following violation types: 
semantics, regular verb agreement, irregular verb agreement, phrase structure, and 
nonword (“Jabberwocky”) phrase structure. From the 100 sentence pairs two soundtracks 
were constructed for each of five movies such that violation and canonical versions were 
counterbalanced across participants. See Appendix J for examples of syntactic sentence 
pairs. Only ERPs to phrase structure violations were analyzed for the current study: in 
these violations closed-class words occur in positions in which only open-class words are 
syntactically correct (e.g., *Pingu puts the carrot on his this snowman.). The pronoun 
preceding the noun was considered to be the critical word in both conditions. This design 
enabled comparisons of ERPs elicited by the same critical word in a canonical and a 
violation context across participants. 
Sentences were recorded in pairs by five native English speakers (three females) 
in a sound-attenuated booth using Sound Edit software on a Macintosh Power PC. 
Decibel levels of recorded sound files were normalized to 90% of the peak intensity of 
each sentence using Sound Studio software on a Power Mac G5. To control for sentence 
onset and timing with video files across sentence pairs, approximately 200 ms (M = 
193.65, SD = 42.88) of silence was included prior to the first word and 50 ms after offset 
of the final word. Video segments were looped and/or slowed down using Final Cut Pro 
software on a Power Mac G5 to enable synchronization with audio files. 
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The longest canonical/violation pair was used to determine the timing of sentence 
presentation resulting in at least 1050 ms of silence between sentences. Occasional sound 
effects were retained from the original soundtrack when not interfering with the 
presentation of sentences. The ten video files (average play back duration 6 min 54 sec) 
were converted into MPEG1 format after correct onset time of each audio file in relation 
to onset of the video was specified. 
No fewer than three trained researchers independently determined critical word 
onsets defined by auditory and visual inspection of waveforms and spectrograms using 
Praat software (Boersema & Weenink, 2004). Onsets that were coded as within 16 ms (4 
EEG sampling points) by the three researchers were included and the critical onset time 
was defined as the earliest time within this range. When onsets judgments had a larger 
range than 16 ms raters worked together to agree on a definition of onset time. 
2.4. Procedure 
An experimenter and a bilingual native Spanish-speaking research assistant 
explained procedures to participants and accompanying parents or guardians. The child 
was seated in a comfortable chair in a sound-attenuating and electrically shielded booth. 
An experimenter accompanied the child to monitor eye movements and explain 
procedures (Appendix H). Parents/guardians and an experimenter outside of the booth 
viewed the continuous EEG and the child on a closed-circuit video monitor. A computer 
monitor 60-65 inches in front of the child displayed the video at a size of 4.5 x 6 inches 
(maximum of 4.3 x 5.75 degrees of visual angle). A loudspeaker was situated on top of 
the monitor and presented sounds at a comfortable listening level (65 dBA). The Spanish-
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speaking research assistant sat with parents/guardians during the experimental session to 
help parents fill out questionnaires and answer any questions. 
2.5. ERP Recording and Analysis 
EEG was recorded from 29 tin electrodes mounted in an elastic cap (Electro-Cap 
International). These included three midline sites (Fz, Cz, and Pz) and 13 pairs of lateral 
sites (FP1/2, F7/8, FT7/8, F3/4, FC5/6, C3/4, C5/6, T3/4, CP5/6, P3/4, T5/6, TO1/2, and 
O1/2; Figure 2.1). Impedances of these electrodes were maintained below 5 kΩ. Data 
from midline and frontal pole sites (FP1/2) were not included in analyses. To monitor 
blinks and horizontal eye movements electrodes were placed beneath the right eye and 
the outer canthi of both eyes (impedances maintained below 10 kΩ). Each scalp electrode 
was referenced online to the right mastoid and during offline processing re-referenced to 
averaged mastoids. 
EEG was amplified with Grass 7P511 amplifiers (bandpass .01-100 Hz) and 
digitized online at a sampling rate of 4 ms. Offline, separate ERPs to critical words in 
canonical or violations sentences were averaged for each participant at each electrode site 
over a 1500 ms epoch with a 100 ms prestimulus baseline.  
Data were subjected to the following steps using EEGLAB (Delorme & Makeig, 
2004). Trials containing large or paroxysmal artifacts, movement artifacts, or amplifier 
saturation were visually identified and excluded from further analysis. Data were then 
submitted to the extended ‘runica’ routine of EEGLAB software. Ocular artifacts were 
identified from scalp topographies and the component time series and removed. In some 
cases ICA did not converge on obvious ocular artifact components (typically due to low 
numbers of blinks and horizontal eye movements). For these participants, trials that 
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included ocular artifacts were excluded manually by inspecting eye-channels for high-
amplitude deflections and polarity inversions with scalp channels and excluded from 
further analysis. A digital low pass 40Hz filter was applied to reduce high-frequency 
electrical noise and a digital high-pass filter .1 Hz was applied to reduce drift. ICA-
processed data was subjected to a final manual artifact rejection step to detect any 
residual or atypical ocular artifacts not completely removed with ICA. A minimum of 10 
artifact-free trials in each condition was imposed for each participant for data to be 
included in analysis. There were no significant differences in the percentage of usable 
trials for syntactic conditions or for children in different lingualism or proficiency groups 
(Table 5.1).  
Mean amplitude was measured in the following time windows for the anterior 
effect: 100-200, 200-800, and 800-1500 ms; and for the posterior effect: 300-500, 500-
700, 700-1000, and 1000-1500 ms. Measures were taken across frontal, fronto-temporal, 
temporal sites, central, parietal, and occipital sites were subjected to repeated measures 
ANOVA with the following four within-subject factors: Syntax (S: canonical/violation), 
Hemisphere (H: right/left), Lateral/Medial position (L: lateral/medial), and 
Anterior/Posterior position (AP: six levels; frontal/fronto-
temporal/temporal/central/parietal/occipital). Between-subjects factors were Lingualism 
(monolingual/bilingual), or Proficiency (higher/lower). Following omnibus ANOVAs 
additional analyses were performed in step-down fashion such that follow-up analyses 
were performed to isolate any significant interaction. The Greenhouse-Geisser correction 
was applied to all analyses with factors that included more than two levels. Corrected p-
values and uncorrected degrees of freedoms are reported.  
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To examine relationships between ERP and behavioral measurements, Pearson’s 
correlations were calculated. For each of the participants the average difference 
amplitude (violation-canonical) was calculated for each electrode site and within the 
specific time windows described above across the four frontal sites for the anterior 
negativity and for central, parietal, and occipital sites for the posterior positivity. These 
were followed by multiple regression analyses on these differences in ERP amplitude 
over anterior and posterior sites, with stepwise-entered predictors of proficiency and 
demographic variables (age, gender, SES, AoA, exposure, and lingualism). Proficiency 
measures were entered into all analyses. Lingualism was entered in regressions that were 
performed on all children. Within the bilingual group AoA was entered if exposure did 
not show a stronger correlation with mean difference amplitude. Demographic variables 
were entered only when significant correlations were found. Correlations include all 
children with data in the particular measure, while multiple regressions only include 
participants with data points in all measures analyzed, and will therefore include fewer 
participants than the correlation measures. Gender related analyses were included to 
address the concern of differences in gender ratio across the M and the B group. The 
motivation for the order in which predictors were added was conceptual: demographic 
and proficiency variables were entered prior to AoA in order to explore effects of AoA 
that could not be explained by demographics and proficiency alone. Although range and 
variability of AoA were limited, explorations of this variable’s effects on the syntactic 
ERP effects were conducted to determine if AoA would explain variability not explained 
by other measures such as proficiency and age.  
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Rather than a composite score, scores on the subtests of Receptive Language 
(Word Class—WC, Sentence Structure—SS, and Concepts and Directions—CD) were 
used. This enabled a more detailed exploration of proficiency measures especially WC 
and SS (that are thought to index syntactic proficiency) when controlling for the other 
subtest of Receptive Language—CD. Raw scores were used to increase the sensitivity of 
these tests. Multiple regression analyses were performed also in time windows where no 
significant main effects of Syntax were established to explore the effects that were highly 
variable within and across subjects. 
3. Results 
3.1. Behavioral Tests 
3.1.1. Monolingual children. Monolingual children (n = 35; i.e., five children 
missing behavioral data) typically scored within or above the normal range on behavioral 
measures (Table 5.2; see Appendix K). There were positive relationships between scores 
on all of the behavioral tests (Table 5.3), but not between scores and demographic 
variables (age, SES, and gender). 
3.1.2. Monolingual children by proficiency. Monolingual children in the Higher 
Proficiency group (MHP; n = 17) typically scored within or above the normal range on 
behavioral measurements (Table 5.2; see Appendix K). The typical score for monolingual 
children in the Lower Proficiency group (MLP) was within normal limits (Table 5.2; see 
Appendix K). Independent sample t-tests indicated the MHP group had higher scores than 
the MLP group on language proficiency measures while scores on Fluid Reasoning  (FR) 
and Nonverbal IQ were similar across groups (Table 5.2).  
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Table 5.2  
Scores of English Proficiency and Nonverbal Processing by Group. 
 Rec Lang (SD) 
range 
Exp Lang (SD) 
range 
Rec Voc (SD) 
range 
Fluid  Reas (SD)  
range 
M 104.3 (16.3) 
 61-139           
(n = 35)           *** 
 
101.3 (18.1) 
 57-147 
(n = 30)           ** 
109.3 (10.3) 
 88-131 
(n = 30)                *** 
11.1 (2.7) 
 5-16 
(n = 31)        * 
B  92.1 (11.8) 
 69-110 
(n = 37) 
 
 81.6 (18.3) 
 51-110 
(n = 19) 
 87.1 (11.5) 
 65-108 
(n = 39) 
 9.5 (3.1) 
 4-17 
(n = 35) 
MHP 114.9 (8.5) 
104-139 
(n = 17)           *** 
 
109.4 (9.2) 
 92-125 
(n = 15)           *** 
114.3 (5.4) 
105-122 
(n =15)            *** 
11.3 (2.3) 
 8-16 
(n = 15) 
MLP  92.0 (12.5) 
 61-102 
(n = 17) 
 
 89.4 (15.9) 
 57-116 
(n = 14) 
102.3 (9.7) 
 88-126 
(n = 13) 
10.7 (3.2) 
 5-15 
(n = 14) 
BHP 101.0 (6.0) 
 92-110 
(n = 16)           *** 
 
 90.9 (16.3) 
 57-110 
(n = 8)             ** 
 92.8 (7.8) 
 75-108 
(n = 16)           *** 
10.5 (3.7) 
 6-17 
(n = 15)        * 
BLP  82.2 (6.8) 
 69-91 
(n = 16) 
 
 65.6 (10.8) 
 51-84 
(n = 7) 
 79.8 (10.2) 
 65-97 
(n = 16) 
 8.1 (2.4) 
 4-14 
(n = 14) 
Note. Columns show standardized means. Scores between 85-115 are within normal range on 
the tests of Receptive Language and Receptive Vocabulary. Scores between 9-13 are within 
normal range on the test of Fluid Reasoning. Lingualism groups were divided by a median split of 
Receptive Language scores. In these proficiency groups some children from the large groups (M 
and B) were excluded such that proficiency groups within each lingualism group were matched on 
age, SES, and AoA. Rec = Receptive; Lang = Language; Voc = Vocabulary; Reas = Reasoning; 
Exp = Expressive; M = Monolingual; B = Bilingual; MHP = Monolingual Higher Proficiency; MLP = 
Monolingual Lower Proficiency; BHP = Bilingual Higher Proficiency; BLP = Bilingual Lower 
Proficiency. 
*p < .05. **p < .01. ***p < .001. Independent samples t-test. 
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Table 5.3 
Monolingual Children: Relationships between Tests  
 
 Rec Voc  Fluid Reas IQ Exp Lang  
 
Rec Lang 
(n = 30) 
 
r = .67 
p < .001    
 
r = .47 
p = .009    
 
r = .48 
p = .007  
 
r = .86 
p < .001   
 
Rec Voc 
(n = 30) 
 
_ 
 
r = .38 
p = .038   
 
r = .38 
p = .039   
 
r = .72 
p < .001   
 
Fluid Reas 
(n = 31) 
  
_ 
 
r = .82 
p < .001  
 
r = .63 
p < .001   
 
IQ 
(n = 31) 
 
   
_ 
 
r = .59 
p = .001  
Note. Age: r’s < .10, p’s > .62; SES: r’s < .21, p’s > .24; gender: t-tests all p’s > .31). Rec =  
Receptive; Voc = Vocabulary; Reas = Reasoning; Exp = Expressive; Lang = Language 
 
3.1.3. Bilingual children. Bilingual children (n = 37; i.e., two children were 
missing behavioral data) scored typically within or below the normal range on behavioral 
measures (Table 5.2; see Appendix K). Most children scored within or below normal 
range on Spanish proficiency tests. Independent samples t-test indicated that the M group 
scored higher than the B group on all behavioral measurements (Table 5.2).  
The B group showed similar relationships across proficiency test as earlier 
described for the M group (Table 5.4). This was true within and across both languages. 
Maternal education was significantly related to Receptive Language scores (RL) in 
bilingual children (r = .33, p < .05) but not with other proficiency scores. Further, 
maternal education was related to AoA and exposure such that children of higher SES 
tended to acquire English earlier and have longer L2 exposure (Table 5.5).  
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Table 5.4  
Bilingual Children: Relationships between Tests  
 
 Rec Voc 
(Eng) 
Fluid 
Reas 
 
IQ 
Exp Lang 
(Eng) 
Rec Lang 
(Sp) 
Rec Voc 
(Sp) 
Exp Lang 
(Sp) 
Rec Lang 
(Eng)      
(n = 37) 
 
 
r = .74 
p < .001 
 
r = .40 
p = .018 
 
r = .63 
p = .010  
 
r = .80 
p < .001   
 
r = .69 
p = .001  
 
r = .61 
p = .009  
 
ns 
Rec Voc 
(Eng)      
(n = 35) 
 
 
_ 
 
 
r = .39 
p = .019  
 
r = .52 
p = .034  
 
r = .75 
p < .001  
 
r = .52 
p = .023  
 
r = .51 
p = .038   
 
ns 
Fluid 
Reas       
(n = 35) 
 
  
_ 
 
 
r = .74 
p = .001  
 
r = .55 
p = .028 
 
ns 
 
ns 
 
ns 
 
IQ            
(n = 19) 
 
   
_ 
 
 
r = .58 
p = .020  
 
ns 
 
r = .58 
p = .030  
 
ns 
Exp Lang 
(Eng)       
(n = 19) 
 
    
_ 
 
 
r = .48 
p = .036  
 
r = .53 
p = .028  
 
ns 
Rec Lang 
(Sp)         
(n = 19) 
 
     
_ 
 
 
r = .56 
p = .019  
 
r = .58 
p = .010  
Rec Voc 
(Sp) 
(n = 17) 
      
_ 
 
 
r = .56 
p = .020   
Note. ns, non significant. Gender: t-tests p’s > .22. Rec = Receptive; Voc = Vocabulary; Reas = 
Reasoning; Exp = Expressive; Eng = English; Sp = Spanish. 
Age was negatively related to scores on SB-5 (r = -.61, p < .05, n = 17). 
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Table 5.5  
Bilingual Children: Relationships between Demographic Variables  
 
  
SES 
(n = 37) 
Infant 
exposurea 
(n = 36) 
Infant  home 
exposureb        
(n = 37) 
Eng use w. 
friendsc 
(n = 37) 
Parent Eng 
used 
(n = 35) 
 
 
AoA 
 
r = -.34 
p = .038 
 
 
r = -.37 
p = .027 
 
 
r = -.43 
p = .008 
 
 
 
ns 
 
 
ns 
 
 
Exposure 
 
r = .39 
p = .018 
 
r = .37 
p = .026 
 
r = .45 
p = .005 
 
r = .53 
p = .001 
 
  
r = .52 
p = .002 
Note. ns, non significant. 
a-d Rated on a 7-point Likert scale (from Spanish only = 1 to English only = 7). a Language the 
child heard as an infant outside of home. b Language the child heard as an infant at the home. c  
Language the child currently uses with friends. d Parents’ rating of their own usage of English.  
 
3.1.4. Bilingual children by proficiency. Bilingual children in the Higher 
Proficiency group (BHP) typically scored within the normal range on behavioral 
measures (Table 5.2; Appendix K). Most children scored within or above normal limits 
on the Spanish language tests (Table 5.6). In contrast, the group of children in the 
bilingual Lower Proficiency group (BLP) typically scored below or within the normal 
range on behavioral measures (Table 5.2; Appendix K). This pattern was also observed 
for the children who were administered the Spanish proficiency tests (Table 5.6). 
Independent sample t-tests indicated that the BHP group had significantly higher scores 
than the BLP group on all proficiency tests except for Spanish Expressive Language, 
where the difference in the groups was not significant (Table 5.6).  
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Table 5.6 
Test Scores and Demographics of Bilingual Proficiency Groups 
 
      BHP             BLP           independent samples t-test 
 
AoA     4;4 (1;2)         4;7 (1;4) t(30) = .57, p = .576 
range    2;6-6;0         2;0-6;6  
 
Exposure    3;3 (1;5)         3;0 (1;5) t(30) = -.43, p = .670 
range    1;4-5;11          1;5-6;1 
 
 
Sp Rec Lan***  111.2 (6.5)        85.4 (12.2) t(13) = -5.24, p < .001 
range   106-125        70-101  
   (n = 8)        (n = 7)         
     
Sp Rec Voc*   99.7 (13.3)        86.3 (5.9) t(11) = -2.41, p = .041 
range    84-119        80-96  
   (n = 7)                 (n = 6) 
             
 
Sp Exp Lan   98.8 (17.4)        87.6 (15.2) t(13) = -1.32, p = .211 
range    74-118        64-111 
   (n = 8)                 (n = 7) 
            
Eng w. friends chga*  4;1 (1;8)         5;6 (0;11) t(25) = 2.67, p = .013 
range    1;0-7;0         4;0-7;0  
    (n = 15)         (n = 12)   
 
Parental Eng useb**   3.53 (.64)         2.40 (.99) t(28) = -3.74, p = .001 
range    2-4          1-4  
    (n = 15)         (n = 15) 
 
Note. Age in years; months. Columns are means. Standard deviation within brackets. ns are 16 if 
not noted. BHP = Bilingual Higher Proficiency; BLP= Bilingual Lower Proficiency; Rec = 
Receptive; Lang = Language; Voc = Vocabulary; Reas = Reasoning; Exp = Expressive; Sp = 
Spanish. 
a Age when child’s language usage with friends changed from English to Spanish. b  Parents’ 
rating of their usage of English on a 7-point Likert scale from Spanish only = 1 to English only = 7 
(see Appendix D). 
* p < .05. ** p < .01. *** p < .001. Independent samples t-test. 
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3.2. ERP Results: Anterior Regions 
Effects of proficiency on the anterior negativity are first explored within each 
lingualism group. Previous reports that proficiency affects the anterior negativity 
motivated comparisons between lingualism groups that differed both in proficiency and 
AoA. 
3.2.1. Monolingual children—anterior effects. Visual inspections of ERPs over 
anterior regions in the M group suggested syntactic violations elicited a late anterior 
negativity largest over left lateral regions and a P600 that extended to anterior sites 
(Figure 5.1).  
Between 100-200 ms, a positivity in response to syntactic violations approached 
significance over temporal and central sites (S x H x L x AP: F(5,195) = 2.11, p = .093; S 
over temporal and central sites: F(1,39) = 3.95, p = .054). This positivity did reach 
significance for mean amplitude 200-800 ms over right fronto-temporal sites (S x H: 
F(1,39) = 4.88, p < .05; S x AP: F(1,39) = 5.34, p < .05; S over right fronto-temporal 
sites: F(1,39) = 6.22, p < .05). This effect may have been an anterior extension of the 
posterior positivity described in the next section. As noted in the visual inspection of the 
waveforms, there was some indication of a larger negativity in response to violations at 
the left fronto-lateral site (F7) between 800-1500 ms (S x H x AP: F(5,195) = 2.45, p = 
.068;  S x L x AP: F(5,195) = 4.31, p < .005). However, the negativity did not reach 
significance at this or any other subset of electrodes. To determine if the negativity 
observed in the grand average waveform was reliable across participants, additional mean 
amplitude measure were made in the slightly smaller 800-1300 ms time window. For this 
measure, there was a non-significant trend for a negativity in response to violations at the 
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Figure 5.1. In M (monolingual group), ERPs elicited by phrase structure violations.  
 
 
 150 
left fronto-lateral site (S at F7 between 800-1300 ms: F(1,39) = 3.55, p = .097) . 
Correlation analyses between demographics (age and SES), proficiency tests 
(Concepts and Directions—CD, Word Class—WC, and Sentence Structure—SS), and the 
mean difference amplitudes over the four frontal sites were performed as visual 
inspections of individual waveforms suggested a frontal negativity in about half of the 
monolingual participants. These analyses indicated a larger negativity in response to 
syntactic violations between 200-800 ms with higher proficiency (ERP effect with WC, r 
= -.37, p < .05). In the last time window (800-1500 ms), the negativity was larger in girls 
(mean difference amplitude girls: -1.43 µV, boys: 2.04 µV, t(38) = 2.19, p < .05). 
 In the multiple regression analyses the syntactic subtests WC and SS were entered 
after controlling for CD, a part of the RL subtest. Gender was entered after proficiency 
was controlled for to explore the relationship with amplitude that could not be explained 
by proficiency alone. Multiple regressions with mean difference over the frontal sites as a 
criterion and with stepwise-entered predictors of CD, WC, SS, and Gender indicated a 
larger negativity in response to violations with higher proficiency as measured especially 
with the syntactic proficiency measure WC in all time windows even though the 
negativity was not evident in the averaged waveforms (Table 5.7). For a complete table 
of the results from the multiple regressions refer to Appendix L. Though female gender 
predicted a larger negativity between 800-1500 ms the magnitude was similar to the 
increase observed for a single standard score on the syntactic proficiency measure WC, 
suggesting Gender is not a strong predictor.  
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Table 5.7  
Multiple regression—LAN as criterion, predictors with raw-scores 
 
       Time window  Model  R2-chg   F-values    ß-weights   
M    100-200 ms 1 .09    F(1,34) = 3.37, p = .075 CD: ß = -.30 
 
       200-800 ms 2 .19     F(1,33) = 7.75**  WC: ß = -.57 
 
       800-1500 ms 2 .11     F(1,33) = 4.25*  WC: ß = -.44   
   4   .11     F(1,31) = 4.40*  Gender: ß = -.34    
 
B    100-200 ms ns  
                                    
       200-800 ms ns  
                                    
       800-1500 ms 3     .08    F(1,34) = 2.96, p = .095 SS: ß = -.35     
 
All   100-200 ms 4 .05     F(1,70) = 4.03*  Lingualism: ß = -.27 
                                    
       200-800 ms 3 .06     F(1,71) = 4.95*   WC: ß = -.35 
                                    
       800-1500 ms 2 .05     F(1,71) = 3.68, p = .059 SS: ß = -.27  
  
Note. ns, non significant. Mean difference amplitude over frontal sites as criterion. Nuisance 
variable: age. Stepwise entered variables for M: CD, WC, SS, Gender; for B: CD, SS, WC, AoA; 
for All: CD, SS, WC, Lingualism. M: Model 1: CD, Model 2: CD, WC, Model 3: CD, WC, SS, Model 
4: CD, WC, SS, Gender. B: Model 1: CD, Model 2: CD, SS; Model 3: CD, SS, WC; Model 4: CD, 
SS, WC, AoA; All: Model 1: CD, Model 2: CD, SS, Model 3: CD, SS, WC, Model 4: CD, SS, WC, 
Lingualism. R2-chg = R2-change, M = Monolinguals, B = Bilinguals, All = All participants 
combined, CD = Concepts and Directions, SS = Sentence structure, WC = Word Class. 
Lingualism: monolinguals coded as 1, bilinguals as 2. Gender: boys coded as 1, girls as 2.  
*p < .05 ** p < .01 
 
3.2.2. Monolingual children by proficiency—anterior effects. Relationships 
between the anterior effect and proficiency were further explored in between-group 
analyses to describe effects not captured in multiple regressions. 
There were some indications of a frontal negativity in response to syntactic 
violations between 100-200 ms and 200-800 ms in the MHP group, however the 
negativity was not significant at any subset of electrodes in either time window (100-200 
ms: Omnibus ANOVA all p‘s > .116, exploration of the negativity over frontal and 
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fronto-temporal sites suggested in the waveform: S x AP: F(1,16) = 8.86, p < .01, over 
frontal sites all p‘s >.135; 200-800 ms: S x H x L x AP: F(5,80) = 2.35, p = .069; over F7 
and FT7: all p‘s > .287; Figure 5.2). In the third time window (800-1500 ms) MHP 
children showed a negativity over left lateral frontal and fronto-temporal regions (S x AP: 
F(5,80) = 15.41, p < .001; S x L x AP: F(5,80) = 3.03, p < .05; at frontal and fronto-
temporal regions: S x H x AP: F(1,16) = 3.91, p = .066; over F7 and FT7: S: F(1,16) = 
5.65, p < .05).  
There was no anterior negativity in the MLP group (Figure 5.3). Further, the 
positivity in response to syntactic violations in this group was better captured in analyses 
of the posterior positive effect. 
In group comparisons of the early effect between 100-200 ms the difference in 
polarity (negative for MHP and positive for MLP) was significant over medial sites (S x 
Group: F(1,32) = 3.65, p = .065, S x L x Group: F(1,32) = 7.97, p < .01; S x Group over 
medial sites: F(1,32) = 4.75, p < .05). There was no significant interaction with Syntax 
and Group between 200-800 ms (all p’s > .180). A difference in the effect (negative for 
MHP, positive for MLP) over frontal and fronto-temporal sites was suggested by an 
interaction that approached significance between 800-1500 ms. However, the interaction 
of Syntax and Group was not significant at any subset of electrode sites (S x AP x Group: 
F(5,160) = 3.37, p = .058; over frontal and fronto-temporal sites: S x Group: F(1,32) = 
3.67, p = .064, S x H x AP x Group: F(1,32) = 3.54, p = .069; at subsets of electrode sites 
all p’s > .072; Figure 5.4 and 5.5). 
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Figure 5.2. In MHP (monolingual higher proficiency group), ERPs elicited by phrase 
structure violations.  
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Figure 5.3. In MLP (monolingual lower proficiency group), ERPs elicited by phrase 
structure violations.  
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Figure 5.4. Difference waves: MHP (monolingual higher proficiency group) in green and 
MLP (monolingual lower proficiency group) in pink for phrase structure.  
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Figure 5.5. Anterior effect by monolingual proficiency groups. Mean difference in 
amplitude for phrase structure violations (800-1500 ms). Error bars represent standard 
error. 
 
3.2.3.Bilingual children—anterior effects. Visual inspection suggested that the 
anterior effects in the B group differed from those in the M group already between 100-
200 ms where the B group showed difference between conditions that was absent at the 
left lateral electrodes (Figure 5.6). Between 200-800 ms the groups showed effects that 
differed in distribution a left-lateralized negativity for the M group and a medial 
negativity that was not lateralized for the B group. For the B group, this negativity in the 
800-1500 ms time window was only evident at the right fronto-lateral sites (F8).   
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Figure 5.6. In B (bilingual group), ERPs elicited by phrase structure violations.  
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The B group showed a significant effect of Syntax over right hemisphere regions 
and medial sites between 100-200 ms (S: F(1,38) = 4.04, p = .052, S x L: F(1,38) = 3.65, 
p = .064, S x H x L: F(1,38) = 5.58, p < .05; S at right hemisphere sites: F(1,38) = 4.20, p 
< .05; S at medial sites: F(1,38) = 4.44, p < .05). Though the omnibus ANOVAs between 
200-800 ms and 800-1500 ms did not indicate an anterior effect of Syntax the fronto-
medial and right lateralized negativities detected upon visual inspection were explored. 
While the bilateral negativity was a nonsignificant trend over fronto-medial sites between 
200-800 ms (over frontal and fronto-temporal sites: S x L: F(1,38) = 3.48, p = .07, S x 
AP: F(1,38) = 5.64, p < .05, S x L x AP: F(1,38) = 5.08, p < .05; S at F3 and F4: F(1,38) 
= 3.13, p = .085), the negative effect over right hemisphere frontal regions between 800-
1500 ms did not approach significance at any subset of electrodes (S x H x AP: F(1,38) = 
5.81, p < .05; at F4/8 all p’s > .427).  
Correlational analyses between mean difference amplitude over the four frontal 
sites, proficiency measures (CD, WC, and SS), and demographics (Age, SES, AoA, and 
Exposure) failed to find any significant relationships. In contrast to M, there were no 
differences in amplitude of the effect in boys and girls (all p’s > .621). 
 Multiple regression analyses with the mean amplitude difference over frontal 
regions as the criterion and with stepwise-entered predictors of CD, SS, WC, and AoA 
suggested a larger negative effect with better performance on the syntactic proficiency 
measure SS during the time window 800-1500 ms (Table 5.7; for a complete table of the 
multiple regression analyses see Appendix L). AoA did not explain a significant amount 
of variance when proficiency was controlled for and also not when entered into the model 
in the first step. 
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3.2.4. Bilingual children by proficiency—anterior effects. Visual inspection 
suggests that proficiency also affected the anterior negativity in B, such that it was 
stronger in the BHP than the BLP group (Figures 4.7 and 4.8). These results suggest that 
the BHP group drove the findings of an anterior negativity in the B group as a whole. 
The differences between conditions that was largest over the most anterior sites 
between 100-200 ms was not significant in the BHP group (S x H x AP: F(5,75) = 3.08, p 
=.051; at F4 and F8 all p’s >.211). Interactions between 200-800 ms and 800-1500 ms 
indicated a frontal medial and right lateralized negativity. However, the negativity was 
not significant at any subset of electrode sites (200-800 ms: S x H x AP: F(5,75) = 3.54, p 
< .05, S x H x L x AP: F(5,75) = 2.19, p = .083; at F4 and F8 all p’s  > .386;  at F3/4 all 
p’s > .384; 800-1500 ms: S x H: F(1,15) = 5.32, p < .05, S x AP: F(5,75) = 5.35, p < .05; 
at frontal sites: S x H: F(1,15) = 3.57, p = .078; at F4 and F8 all p’s > .417). The 
negativity was not significant in a slightly tighter time window exploring the effect 
suggested by visual inspection of the waveform (1000-1500 ms: all p’s > .184)  
BLP children showed a right and medial difference between conditions 100-200 
ms over frontal, fronto-temporal, temporal, and central sites (S x H x L: F(1,15) = 10.07, 
p < .01, S x L x AP: F(5,75) = 3.67, p < .05; at frontal, fronto-temporal, temporal, and 
central sites S: F(3,45) = 5.17, p < .05, S x H x L: F(1,15) = 4.34, p = .052). However, 
this effect appeared to be driven by a larger positivity in response to words in canonical 
sentences rather than a larger negativity in response to syntactic violations. There was no 
effect of Syntax between 200-800 ms (all p’s > .261). The exploration of the negativity 
over F3 detectable in the waveform was also not significant within a tighter time window 
(200-800 ms: at F3, p = .336; 500-700 ms: at F3, p = .117). The effect of syntax  
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Figure 5.7. In BHP (bilingual higher proficiency group), ERPs elicited by phrase 
structure violations.  
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Figure 5.8. In BLP (bilingual lower proficiency group), ERPs elicited by phrase structure 
violations.  
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suggested in the interaction between 800-1500 ms is better described in analyses of the 
posterior positivity (S x H x AP: F(5,75) = 2.28, p = .093). 
Between-group analyses of the anterior effects for bilingual proficiency groups 
did not establish any significant differences in the early effect between 100-200 ms (all 
p’s > .117). The difference in polarity (negative for BHP, positive for BLP) was not 
significant at any subset of electrode sites between 200-800 ms (S x H x AP x Group: 
F(5,150) = 2.35, p = .087; at F4 and F8 all p’s > .704). Between 800-1500 ms the 
difference in polarity was also not significant (S x H x Group: F(1, 30) = 4.44, p < .05, S 
x H x AP x Group: F(5,150) = 4.08, p < .05; at F4 and F8 all p’s > .281; Figure 5.9).  
3.2.5. Anterior effect across lingualism. In the analyses reported to this point, 
proficiency affected amplitude of the anterior negativity in response to syntactic 
violations in both the M group and the B group. In the B group, multiple regressions 
suggested that AoA did not explain variance in the amplitude of this effect. In the 
following analyses the effect of AoA was explored by comparing lingualism groups using 
between-group ANOVAs and multiple regressions. 
  The early effect between 100-200 ms differed across groups especially over 
medial sites (S x Lingualism: F(5,385) = 6.08, p < .05; S x L x Lingualism: F(1,77) = 
5.79, p < .05; Figure 5.10). However, the difference in the ERP effect for the lingualism 
groups appeared to be driven by a positivity in response to words in canonical sentences 
in the B group during this early time window. The negative anterior effect was analyzed 
over the four frontal sites where the effect was maximal in the within-group analyses. 
Between 200-800 ms, separate group analyses revealed that only the B group had a non-
significant trend over the frontal sites in this time window. There was a larger negativity  
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Figure 5.9. Difference waves: ERP effects for violation of phrase structure minus ERP 
effects for canonical phrase structure for the groups BHP (bilingual higher proficiency 
group) in green and BLP (bilingual lower proficiency group) in pink.  
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Figure 5.10. Difference waves: ERP effects for violation of phrase structure minus ERP 
effects for canonical phrase structure for the groups M (monolingual) in green and B 
(bilingual) in pink.  
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in response to syntactic violations in the B group over the right fronto-medial site (S x H 
x Lingualism: F(1,77) = 4.20, p < .05; S x L x Lingualism: F(1,77) = 4.92, p < .05; S x 
Lingualism at F4: F(1,77) = 4.10, p < .05; Figure 5.11). The interaction among Syntax, 
Lateral/Medial, and Lingualism between 800-1500 ms failed to approach significance 
(F(1,77) = 2.68, p = .106; Figure 5.12). 
 
 
 
Figure 5.11. Anterior negativity by lingualism groups across hemispheres. Mean 
difference in amplitude for phrase structure violations between 200-800 ms by group. M 
= Monolingual children, B = Bilingual children. Error bars represent standard error. 
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Figure 5.12. Anterior negativity by lingualism groups across the lateral/medial plane. 
Mean difference in amplitude for phrase structure violations between 800-1500 ms by 
group. M = Monolingual children, B = Bilingual children. Error bars represent standard 
error. 
 
In correlational analyses of mean amplitude of the anterior effect over the four 
frontal sites in all children, proficiency (CD, WC, and SS), and demographics (SES and 
Age) non-significant trends suggested there may have been a larger negativity with 
higher scores on CD between 100-200 ms and with higher scores on WC between 200-
800 ms (100-200 ms: with CD, r = -.30, p = .075; 200-800 ms: with WC, r = -.20, p = 
.084; 800-1500 ms all p’s > .244).  
Multiple regression analyses with the mean amplitude difference over frontal sites 
as the criterion and with stepwise-entered predictors (CD, SS, WC, and Lingualism) 
suggested a larger difference between conditions (driven by an increased positivity in 
response to words in canonical sentences in the B group) with bilingualism between 100-
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200 ms when proficiency was controlled for. The negativity in response to syntactic 
violations increased with similar magnitude related to syntactic proficiency measures in 
the two subsequent time windows: WC between 200-800 ms and SS between 800-1500 
ms (Table 5.7; Appendix L).  
3.3. ERP Results: Posterior Regions 
3.3.1. Monolingual children—posterior effect. Visual inspection of the posterior 
effect in the M group indicated a positivity that onset earlier over central than occipital 
sites where it appeared to be strongest toward the end of the epoch (Figure 5.1).  
The M group displayed a positive effect over all electrode sites in all time 
windows analyzed; the difference was largest over occipital and medial regions in the 
later time windows (300-500 ms: S: F(1,39) = 4.29, p < .05; 500-700 ms: S: F(1,39) = 
4.84, p < .05; 700-1000 ms: S: F(1,39) = 7.24, p < .05, S x AP: F(5,195) = 7.19, p < .01; 
1000-1500 ms: S: F(1,39) = 28.33, p < .001, S x AP: F(5,195) = 7.44, p < .01; S x L: 
F(1,39) = 7.66, p < .01). 
Correlation analyses between the mean difference in ERP amplitude over central, 
parietal, and occipital regions, demographics (Age and SES), and proficiency (CD, WC, 
and SS) revealed positive relationships between the size of the ERP effect and the 
syntactic proficiency measures and Age. Posterior ERP effects were also associated with 
SES (Table 5.8).  
Multiple regression analyses with the mean difference in amplitude over central, 
parietal, and occipital sites as criterion and with stepwise-entered predictors (CD, WC, 
SS, SES, and Age) suggested the amplitude of the posterior ERP effect was larger with 
higher proficiency as measured by the syntactic proficiency test WC and lower SES when 
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proficiency was controlled for (Table 5.9). See Appendix M for a complete table of the 
Multiple regression results. 
 
Table 5.8 
P600 amplitude correlations with proficiency and demographics 
 
Grp    Variable    300-500 ms  500-700 ms  700-1000 ms    1000-1500 ms 
   
M  SS       ns              r = .35*     ns                   ns 
 WC       r = .34*       r = .35*     r = .36*         r = .38* 
 Age       ns              r = .33*     r = .35*          ns 
 SES       ns           ns                r = -.34*          ns 
                                    
B  Age       ns              ns          ns           r = .38*       
       
All  CD       ns        ns      r = .23*          ns 
 SS       r = .24*       r = .28*     r = .25*         ns 
 WC       ns        ns      r = .34**         r = .35** 
 Age       ns        ns      r = .30**         r = .32**   
 Lingulism  ns        ns      ns          r = -.23*          
Note. ns, nonsignificant. Columns depict relationship between variables in the first column and 
mean difference amplitude over posterior sites. Grp = Group; M = Monolingual children; B = 
Bilingual children; All = Monolingual and bilingual children combined; CD = Concepts and 
Directions, SS = Sentence Structure, WC = Word Class, all three subtest of Receptive Language; 
RV = Receptive Vocabulary. Lingualism: monolinguals coded as 1, bilinguals as 2.  
*p < .05, ** p < .01 
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Table 5.9 
Multiple regression—P600 as criterion, predictors with raw scores 
 
Grp   Time window   Model   R2-chg     F-values       ß-weights    
M      300-500 ms   4   .11       F(1,31) = 4.45*       SES: ß = -.34 
               
         500-700 ms   4   .11       F(1,31) = 4.37*       SES: ß = -.34 
 
         700-1000 ms   2   .14       F(1,33) = 5.41*       WC: ß = .49   
     4   .14       F(1,31) = 6.09*       SES: ß = -.39 
 
         1000-1500 ms   2   .15       F(1,33) = 5.84*       WC: ß = .50 
            4   .08       F(1,31) = 3.35, p = .077      SES: ß = -.29 
  
B       300-500 ms   4   .08       F(1,33) = 3.11, p = .087      Age: ß = .36 
 
         500-700 ms   ns 
 
         700-1000 ms   ns 
 
         1000-1500 ms   4   .12       F(1,33) = 4.51*       Age: ß = .43 
      
All     300-500 ms   ns 
 
         500-700 ms   1   .04      F(1,72) = 3.20, p = .078     CD: ß = .21 
     2   .04      F(1,71) = 2.79, p = .099     SS: ß = .24 
 
         700-1000 ms   1   .06       F(1,72) = 4.48*       CD: ß = .24 
     3   .05      F(1,71) = 3.81, p = .055      WC: ß = .30 
 
         1000-1500 ms   1   .05       F(1,72) = 3.91, p = .052      CD: ß = .23 
     3   .07       F(1,70) = 5.52*       WC: ß = .36  
     4   .06       F(1,69) = 5.23*       Age: ß = .31  
 
Note. ns nonsignificant. Mean difference amplitude over posterior sites as criterion. Nuisance 
variable: Gender. Stepwise entered variables for M: CD, WC, SS, SES, and Age; for B: CD, WC, 
SS, Age, and AoA; for All: CD, SS, WC, Age, and Lingualism. M: Model 1: CD, Model 2: CD, WC, 
Model 3, CD, WC, SS, Model 4, CD, WC, SS, SES, Model 5: CD, WC, SS, SES, Age. B: Model 1: 
CD, Model 2: CD, WC, Model 3: CD, WC, SS, Model 4: CD, WC, SS, Age, Model 5: CD, WC, SS, 
Age, AoA. All: Model 1: CD, Model 2: CD, SS, Model 3: CD, SS, WC, Model 4: CD, SS, WC, Age, 
Model 5: CD, SS, WC, Age, Lingualism. Grp = Group; R2-chg = R2-change; M = Monolinguals; B 
= Bilinguals; All = All participants combined; SS = Sentence structure-subtest from Receptive 
Language; WC = Word Class-subtest from Receptive Language; CD = Concepts and Directions-
subtest from Receptive Language. 
* p < .05, ** p < .01  
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3.3.2. Monolingual children by proficiency—posterior effect. The posterior 
positivity was affected by proficiency such that the MHP group had a larger amplitude 
effect that was right lateralized and largest over occipital regions in comparison to the 
MLP group that had a more centrally distributed positivity (Figures 5.2 and 5.3). 
The posterior positivity in the MHP group onset over right posterior regions 
between 300-500 ms (S x AP: F(5,80) = 2.17, p = .085; over central, parietal and 
occipital sites: S x H x L x AP: F(2,32) = 4.76, p < .05; S at right hemisphere central, 
parietal, and occipital sites: F(1,16) = 4.78, p < .05). This effect continued throughout the 
subsequent epochs where it was largest over lateral and occipital regions (500-700 ms: S 
x AP: F(5,80) = 3.63, p = .059; at temporal, central, parietal, and occipital sites: S: 
F(1,16) = 6.70, p < .05, S x H x L x AP: F(3,48) = 3.45, p < .05; 700-1000 ms: S x AP: 
F(5,80) = 11.67, p < .005; at temporal, central, parietal, and occipital sites: S: F(3,48) = 
5.23, p < .05, S x AP: F(3,48) = 9.65, p < .005; 1000-1500 ms: S: F(1,16) = 7.39, p < .05, 
S x AP: F(5,80) = 13.97, p < .005, S x L x AP: F(5,80) = 3.16, p < .05). 
There was a right temporal positivity in the MLP group between 300-500 ms (S x 
H x AP: F(5,80) = 2.86, p = .053; at right hemisphere temporal sites: S: F(1,16) = 5.32, p 
< .05). The posterior positivity onset between 700-1000 ms and continued through the 
subsequent time window when it was largest over medial regions (700-1000 ms: S: 
F(1,16) = 4.80, p < .05; 1000-1500 ms: S: F(1,16) = 11.86, p < .01, S x L: F(1,16) = 4.92, 
p < .05). 
Comparisons between monolingual proficiency groups indicated a larger 
positivity over right lateral, parietal and occipital sites in MHP compared to MLP 
between 500-700 ms (300-500 ms: all p’s > .148; 500-700 ms: S x AP x Group: F(5,160) 
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= 2.81, p = .081; at parietal and occipital sites: S x H x L x Group: F(1,32) = 7.32, p < 
.05; at right lateral parietal and occipital sites: S x Group: F(1,32) = 4.81, p < .05; Figure 
5.4). There was no difference in the ERP effect between 700-1000 ms (all p’s > .126). 
Between 1000-1500 ms there were differences in the distribution of the effect in that it 
was anterior in the MLP group and posterior in the MHP group (S x AP x Group: 
F(5,160) = 3.45, p = .056). In comparisons of measurements made over anterior regions, 
the positivity was larger in the MLP group than the MHP group (1000-1500ms: at frontal, 
fronto-temporal, temporal, and central electrode sites: S x Group: F(3, 96): 4.60, p < .05; 
Figure 5.13).  
 
 
Figure 5.13. P600 by monolingual proficiency groups. Mean difference amplitude 
between 1000-1500 ms by monolingual proficiency group over the anterior-posterior 
plane. Error bars represent standard error. 
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3.3.3. Bilingual children—posterior effect. Visual inspection suggested that the 
posterior effect in bilingual children was smaller and began later than that of the M group 
where the effect began in the first time window analyzed (300-500 ms) (Figure 5.6).  
Onset of the positivity in response to syntactic violations was not evident until 
1000-1500 ms in the B group; it tended to be largest over medial occipital regions (S: 
F(1,38) = 5.57, p < .05, S x L: F(1,38) = 3.06, p = .088, S x AP: F(5,190) = 3.01, p = 
.075).   
Correlational analyses on the relationships between the mean difference in 
amplitude over posterior sites, demographics (AoA, Exposure, SES, and Age), and 
proficiency (CD, SS, and WC) found only Age to be positively related to amplitude 
between 1000-1500 ms (Table 5.8; Appendix M).  
Multiple regressions with amplitude of the mean difference over posterior regions 
as a criterion and with stepwise-entered predictors (CD, WC, SS, Age, and AoA) 
suggested the P600 amplitude was larger with greater age when proficiency was 
controlled for between 300-500 ms and 1000-1500 ms (Table 5.9). AoA did not explain 
any variance in amplitude when proficiency was controlled for, or when entered first into 
the model.  
3.3.4. Bilingual children by proficiency—posterior effect. Proficiency also had an 
effect in the posterior positivity in the bilingual group; the effect was generally larger in 
amplitude in the BHP group (Figure 5.7). In the grand average waveforms, it seemed that 
the positive effect in the BHP group onset earlier over left central regions while the 
positivity with an occipital distribution onset first around 1000 ms. The largest effect in 
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the BLP group (Figure 5.8) appeared to be over central regions; the more posterior 
positivity was reduced and later in onset than in the BHP group. 
A left lateralized positivity onset in BHP between 700-1000 ms (S x H: F(1,15) = 
5.50, p < .05; S at left hemisphere sites: F(1,15) = 7.78, p < .05). In the last time window 
(1000-1500 ms), the effect was largest over left occipital regions (S x H: F(1,15) = 4.40, 
p = .053, S x AP: F(5,75) = 6.15, p < .05; at temporal, central, parietal, and occipital 
sites: S: F(1,15) = 6.68, p < .05, S x H: F(1,15) = 4.67, p < .05).  
In the BLP group, the omnibus analyses over all electrode sites did not detect a 
positivity in response to syntactic violations. However, since visual inspections of 
individual and grand averages suggested there might be a positivity over central and 
posterior regions, further analyses were conducted to pursue these effects. Analyses 
performed on mean amplitude measured over right central and parietal regions between 
1000-1500 ms indicated a larger positivity in response to violations (at right hemisphere 
central and parietal sites: S: F(1,15) = 5.33, p < .05).  
In comparisons over central, parietal, and occipital sites by proficiency, the BHP 
group had a larger positivity compared to the BLP group. More specifically, the positivity 
was larger in the BHP group over left hemisphere regions between 700-1000 ms (S x H x 
AP: F(5,160) = 4.07, p < .05; over left regions: S x Group: F(1,30) = 4.39, p < .05; 
Figures 4.9 and 4.14). The difference in distribution between 1000-1500 ms was not 
significant at any subset of electrode sites (S x H x Group: F(1,30) = 4.22, p < .05; at 
subsets of electrode sites all p’s > .128).                                                                                                        
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Figure 5.14. P600 by bilingual proficiency groups. Mean difference amplitude (violation 
– canonical) between 700-1000 ms over left hemisphere regions.  
 
3.3.5. Posterior effect across lingualism. In the analyses reported above, the M 
group showed a positivity in response to syntactic violations that was largest over medial 
posterior regions between 300-1500 ms. In the B group there was no reliable positivity 
until between 1000-1500 ms after the onset of violations, when the distribution (medial 
and posterior) was the same as in the M group. Indeed, in all time windows analyzed, the 
posterior positivity in response to syntactic violations was larger in monolingual 
compared to bilingual children.  
Statistical analyses supported these observations. In comparisons between the two 
groups the positivity was larger in the M group over the right hemisphere between 300-
500 ms, especially at medial electrodes between 500-700 ms, and over parietal and 
occipital sites between 700-1000 ms (300-500 ms: S x H x Lingualism: F(1,77) = 6.01, p 
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< .05; at right hemisphere regions: S x Lingualism: F(1,77) = 7.26, p < .01; 500-700 ms: 
S x Lingualism: F(1,77) = 3.23, p = .076, S x L x Lingualism: F(1,77) = 4.20, p < .05; at 
medial sites: S x Lingualism: F(1,77) = 4.05, p < .05; 700-1000 ms: S x AP x 
Lingualism: F(3,385) = 2.55, p = .099; at parietal and occipital sites: S x Lingualism: 
F(1,77) = 4.40, p < .05). In the last epoch (1000-1500 ms) the difference in amplitude 
was approaching significance (S x Lingualism: F(5,385) = 3.54, p = .064, Figures 5.10 
and 5.15). 
Correlation analyses including all participants in the study for the amplitude of the 
P600 ERP effect over posterior regions, demographics (Age and SES), and proficiency 
(CD, SS, and WC), suggested a larger amplitude ERP effect with higher scores on 
proficiency measures in all time windows and with greater age in the last time windows 
(Table 5.8).   
In multiple regressions with mean amplitude of the ERP effect over posterior sites 
as criterion and the predictors CD, SS, WC, Age, and Lingualism entered stepwise into 
the model, proficiency measures (CD, SS, and WC) were better predictors than any of the 
demographic variables, including Lingualism (Table 5.9, Appendix M). In all time 
windows, the amplitude of the P600 increased as a factor of proficiency as measured by 
CD and one of the syntactic proficiency measures. Lingualism did not explain a 
significant amount of variance when proficiency was controlled for nor when entered into 
the model first.  
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a)         b)  
 
c)         d)   
Figure 5.15. P600 by lingualism groups. Mean difference amplitude by lingualism groups 
in a) 300-500 ms, b) 500-700 ms, c) 700-1000 ms, d) 1000-1500 ms. Error bars represent 
standard error. 
 
4. Discussion 
4.1. Behavioral Results 
Monolingual and bilingual 6- to 8-year-old children were tested behaviorally on 
RL, RV, and nonverbal IQ. On all tests bilingual children (B) had lower scores than 
monolingual children (M), replicating previous behavioral studies of bilingual children in 
the early stages of acquisition (Carrow, 1971; Killian, 1971; Kohnert, 2000). However, 
several studies have also suggested that standardized tests are not valid for bilingual 
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children, who have difficulties with specific tasks required in the tests (e.g., providing 
definitions) (Cobo-Lewis, et al., 2002a; Fernández, et al., 1992; Fuste-Herrmann, et al., 
2006; Garcìa, 1991; Peña, et al., 1992; Peña & Quinn, 1997; Restrepo & Silverman, 
2001). Since performance on standardized tests of English likely underestimates the 
proficiency of bilingual participants, it may not be possible to accurately match the 
proficiency of monolingual and bilingual children.  
Even though the M and the B groups differed in proficiency as measured by the 
tests both groups showed similar relationships across tests both within and across 
languages. The finding that fluid reasoning was related to English but not Spanish 
proficiency in the B group suggests that the nonverbal IQ measure was dependent on skill 
with English, resulting in lower scores for bilingual children and replicating earlier results 
(Darcy, 1946; González, 1994; Mitchell, 1937). Further, similar performance across the 
two languages suggested that language dominance was not yet established in the bilingual 
group (Cobo-Lewis, et al., 2002a; Ioup, et al., 2005).  
The often-reported positive relationship between language proficiency and SES 
(e.g., Hart & Risley, 1995; Hoff, 2003; McClintock & Baron, 1979; Pearson, 2002) was 
found only for receptive language for bilingual children. The lack of a significant 
relationship between proficiency and SES in monolingual children was likely explained 
by limited variability on the SES measure (i.e., maternal education). The significant 
relationship between SES and exposure to English for bilingual children could be a 
precursor of a relationship between SES and L2 proficiency, as children of higher SES 
background tended to acquire L2 earlier and to have been exposed to more English as 
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infants prior to the reported onset of L2 acquisition, as has been reported previously 
(Schwartz, & Stiefel, 2006).  
Though there was only a relationship between proficiency and SES in the 
bilingual group, the difference in SES for monolingual children and bilingual children 
(whose mothers typically had fewer than 8 years of education) was quite large. Even if it 
was possible to identify monolingual children with comparable SES, a previous study 
suggests Latino children of immigrated parents outperform monolingual children of 
similar SES (Schwartz, & Stiefel, 2006). A better approach to understanding the 
relationship between language processing and SES may be to compare the results of the 
current study to one with bilingual children who have higher or similar SES as 
monolingual children (e.g., Swedish and Finnish bilinguals in Finland).  
Bilingual and monolingual groups differed on proficiency, SES, and lingualism, 
and there were also differences in AoA within the bilingual group. However, the measure 
of AoA should not be interpreted as a precise measurement, as parents reported different 
ages for when changes in language exposure occurred (e.g., when children started to hear 
more English outside of the home). Therefore, acquisition was a gradual change that 
occurred at different times in various environments.  
4.2. ERP Discussion 
Processing of English phrase structure was explored in monolingual (M) and 
bilingual children (B) between 6- and 8-years of age using a novel ERP paradigm. 
Previous studies of adult bilinguals have reported differences in the anterior negativity 
with delays in exposure to English of less than 3 years (Weber-Fox & Neville, 1996). In 
contrast, a precursor to the anterior negativity has been reported in monolingual children 
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as young as 2.5 but not 2 years of age (Oberecker, et al., 2005; Oberecker & Friederici, 
2006). As such, in the current study monolingual but not bilingual children with an 
average AoA of 4 years and 4 months were expected to show a more mature left anterior 
negativity in response to phrase structure violations. Further, previously reported effects 
of proficiency on the distribution and amplitude of ERP effects (more left-lateralized 
anterior negativity and larger posterior positivity with greater proficiency; Pakulak & 
Neville, 2010) were expected for the children in the current study.  
It is important to note that the stimuli presented to children differed in several 
ways from those used in previous studies. The stimuli were presented as connected 
speech that made up a narrative accompanying a movie. Further, only 10% of the 
sentences with real words contained a phrase structure violation compared to the often 
used 50% violation rate. Children were not given a task that would be likely to encourage 
them to focus on any errors, but instead were only asked to listen to the story. As such, 
this paradigm was considered to be more ecologically valid than previous studies.  
Previous studies of phrase structure processing in adult monolinguals and adult 
bilinguals who had reached ultimate attainment reported AoA effects that were most 
evident on the anterior negativity. The current study revealed similar effects of AoA on 
the distribution of the anterior negativity; it was more left lateralized in monolingual 
children of higher proficiency (MHP) and bilateral or right lateralized in bilingual 
children of higher proficiency (BHP). However, it is also important to note that the 
anterior negativity was not as robust or likely to reach significance in the current study. 
Although the anterior negativity is typically discussed as being automatic and 
uninfluenced by task demands and the frequency of violations, it is possible that 
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employing ecologically valid listening conditions with young children resulted in a 
reduced response to syntactic violations as indexed by the anterior negativity. 
Only the M group had a left-lateralized negativity, and while this was evident in 
the M waveform it was only significant in the MHP group. This left-lateral negativity 
over frontal and fronto-temporal sites replicated previous results for both adults (e.g., 
Pakulak & Neville, 2010) and children (e.g., Oberecker, et al., 2005). The later onset of 
the LAN (800-1500 ms) in the current study in comparison to that of younger children 
(300-500 ms) in Oberecker and colleagues’ study possibly stems from the less predictable 
violations, lower rate of the specific violation of phrase structure in more complex 
sentences in the current paradigm. 
No negative effect was elicited by phrase structure violations in the lower 
proficiency monolingual children (MLP). Instead, a positive effect was displayed. There 
are several possible interpretations of the anterior positivity observed in these children. 
First, it could be considered an immature effect that will eventually develop into a left-
lateralized negativity. This possibility is supported by the fact that a similar anterior 
positivity was reported in younger monolingual children who listened to short, simple 
sentences containing a higher rate of predictable phrase structure violations (Oberecker, 
et al., 2005). However, these authors concluded the positivity was elicited by acoustic 
differences in the violation and canonical conditions that children but not adults were 
sensitive to. It is unlikely that there were similar acoustic differences in the current study 
that only lower- and not higher-proficiency children were sensitive to. Alternatively, 
although observed over temporal and central electrodes, the positivity in response to 
syntactic violations may be related to the family of P600 effects. For example, a frontally 
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distributed P600 has been reported in response to non-preferred, ambiguous syntactic 
structures (Friederici, Hahne, & Saddy, 2002). Regardless of interpretation, it is an 
important observation that lower proficiency monolingual children lacked the anterior 
negativity observed in higher proficiency monolingual children of the same age. 
Unlike the MLP group, an anterior negativity at fronto-medial sites was apparent 
in the waveforms for higher-proficiency bilingual children (BHP). However, the observed 
negativity did not reach significance at any subsets of electrodes in any time window. 
There was evidence that the negativity observed in BHP children was distinct from the 
negativity in the MHP group, as it was largest over the right hemisphere and medial sites. 
The distribution of this negativity in higher-proficiency bilinguals was similar to that 
reported in previous studies of bilingual adults (Weber-Fox & Neville, 1996).  
Strikingly, the lower-proficiency bilingual children (BLP) did not evidence the 
left-lateralized negativity in the same time window observed in the MHP group, the right-
lateralized negativity suggested in the BHP group, or the anterior positivity observed in 
the MLP group. That is, processing of syntactic violations in a second language that had 
not been learned to a high level was different from processing of a low-proficiency first 
language or a well-learned second language. This group showed an early effect over right 
fronto-medial regions between 100-200 ms, but the difference between conditions 
appeared to be driven by a larger positivity in response to words in the canonical 
sentences. One possibility is that this ERP effect reflected a delayed response to the 
difference in word classes of the preceding words in the sentence (noun-preposition and 
noun-preposition-determina; refer to Appendix J). See Weber-Fox & Neville, 1996 for a 
similar discussion, where the critical word in a canonical context was preceded by a noun 
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and the critical word in the violation context was preceded by a determiner. This 
difference was thought to be the reason for bilingual adults with later AoA showing an 
earlier effect compared to bilingual adults with an earlier AoA. 
The use of multiple regression analyses that use the variability between 
individuals to explore predictors for mean amplitude variance was important in this study. 
This approach was thought to be especially important with bilingual children, where the 
large variability within and across individuals may obscure ERP effects (Osterhout, et al., 
2006). Visual inspections of individual averages suggested there was an anterior effect of 
syntactic violations in most participants. However, these effects were observed as a 
positivity in some children and a negativity in others, thus obscuring effects of phrase 
structure in grand averages and statistically significant effects in ANOVAs. Therefore 
multiple regressions were used to understand differences in mean amplitude in all time 
windows, even when the effects of a syntactic violation were not significant at any subset 
of electrodes. Results from this statistical method described a larger anterior negativity 
predicted by greater proficiency, especially syntactic proficiency, between 200-800 ms 
and 800-1500 ms within each lingualism group (M and B) and within all children 
(monolingual and bilingual children combined). Combined results from ANOVAs and 
multiple regressions suggested larger anterior negativities with proficiency across all 
children.  
AoA was explored as a continuous variable within the B group and as bivariate 
(i.e., lingualism: monolingual/bilingual) within analyses of all children. In neither case 
did AoA explain any variance in amplitude of the anterior negativity. This could be due 
to small variance within the AoA measure. That is, since the population of interest 
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included 6- to 8-year-old children, there were clear limits on variability in age, AoA 
(most children acquired the second language around 4 years of age), and length of 
exposure. Alternatively, it could be the case that when children acquire an L2 that is 
typologically similar to L1 and AoA is prior to 8 years of age, there are no amplitude 
differences in the anterior negativity that are explained by this variable. However, more 
interestingly, proficiency alone could not explain all of the observed group differences in 
the anterior negativity. Differences in distribution of the anterior negativity (left lateral in 
monolinguals and right medial in bilinguals) varied as a function of AoA. These results 
were revealed by interactions and did not reach significance at any subset of electrodes. 
However, the pattern of anterior ERP effects has been reported previously in adult 
bilinguals and was therefore interpretable (e.g., Weber-Fox & Neville, 1996).  
The posterior positivity recognized as the P600 onset between 300-500 ms in the 
MHP group and was sustained through the analyzed epochs. In the MLP group an 
anterior positivity onset between 300-500 ms over right temporal sites (discussed briefly 
above) while the posterior positivity was not evident until between 700-1000 ms. In 
addition to this difference in onset latency with proficiency, between-group ANOVAs 
and multiple regressions revealed a larger posterior positivity with higher syntactic 
proficiency. Distributional differences were revealed in the between-group analyses, 
suggesting a more mature pattern in the MHP group where the effect was largest over 
occipital sites compared to the central distribution for the MLP group.  
Similar to the MLP group, in the BHP group a trend suggested the positivity in 
response to syntactic violations onset between 300-500 ms over temporal and central 
regions and the posterior positivity onset between 700-1000 ms. After exploring the 
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visually identified effect in the BLP group, a less robust centrally distributed positivity 
was found with an onset between 1000-1500 ms. Possibly, this effect and the earlier 
portion (300-500 ms) of the positivity in the MLP and the BHP group should not be 
considered part of the posteriorly distributed P600. Instead, these more centrally 
distributed positivities should be further explored in longitudinal studies or in a younger 
monolingual population to determine how this effect develops. 
Though statistical analyses of the anterior and posterior ERP effects to phrase 
structure violations were not as robust as suggested in averaged waveforms, the inclusion 
of multiple regression analyses in all time windows in combination with the ANOVAs 
revealed amplitude and onset effects for proficiency and AoA effects for distribution of 
the anterior negativity. In some cases, variables other than the syntactic proficiency 
measures (age, SES, and gender) predicted larger differences in amplitude, though in 
these cases amplitude increases were similar in magnitude across measures. For example, 
when variance in amplitude of the P600 for all children was explained by age, the 
amplitude increased with each year while when variance was explained by Word Class 
the amplitude increased with a similar amount (about .300 µV) with each raw score. As 
children are expected to increase their raw scores by more than one a year, the conclusion 
would be that syntactic proficiency was the stronger predictor. The same reasoning would 
explain why proficiency measures were better predictors than SES and gender.  
 For both monolingual and bilingual children, proficiency affected quantitative 
(latency and amplitude) aspects of the anterior and posterior ERP effects in response to 
syntactic violations. Having learned English as a first or second language impacted the 
sensitive anterior, but not posterior, ERP effect as described previously for adults (e.g., 
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Hahne, 2001). The negative trend over anterior regions in the BHP group did not share 
the mature left-lateralized pattern in the MHP group, suggesting that automatic syntactic 
processing has not developed to the same extent in monolingual and bilingual children. 
The distribution of the negativity in bilingual children may be associated with reduced 
specialization of the left hemisphere for language processing subsystems and may include 
increased right hemisphere involvement for this group. In contrast, evidence for a similar 
posterior ERP effect in monolingual and bilingual children suggests more controlled, 
metalinguistic processing may be mature in both groups despite differences in exposure. 
These results with 6- to 8-year old monolingual and bilingual children are consistent with 
evidence from adults. 
5. Conclusion 
 In the current study monolingual 6- to 8-year olds of higher proficiency displayed 
relatively mature processing of phrase structure violations as indicated by a left anterior 
negativity over lateral sites and a posterior positivity. High-proficiency bilingual children 
tended to display a medial anterior negativity—a difference in distribution across groups 
that could only be explained by AoA. The amplitude and timing of the posterior positivity 
further reflected proficiency in both monolingual and bilingual children. The study 
provided evidence of the extent to which children who have acquired the rules of either a 
first or second language differ in how that syntactic processing is carried out based on 
proficiency. By identifying the neural indices of mature, highly-proficient processing in 
bilingual as well as monolingual children it will become possible to both evaluate and 
improve language intervention programs that serve a broader base of children. 
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CHAPTER VI 
GENERAL DISCUSSION 
This dissertation explored language processing, particularly second language (L2) 
processing in children, by introducing the neurocognitive measure of event-related 
potentials. Three aspects of language processing in English were investigated in 
monolingual native English-speaking children and bilingual native Spanish-speaking 
children: phonology, semantics, and syntax. Previous behavioral research has 
investigated proficiency in these aspects and compared performance to that of similar 
aged monolingual children (e.g., Carlisle, et al., 1999; Durgunoğlu, 1998; Gottardo, 2002; 
Jiminéz, García, & Pearson, 1996; Manis, et al., 2004; Proctor, et al., 2005; Quiroga, 
Lemos-Britton, Mostafapour, Abbott, & Berninger, 2002; Swanson, et al., 2008; Uccelli 
& Páez, 2007). However, neurocognitive studies of second language processing have 
mainly focused on adult bilinguals with longer exposure to the second language and have 
mature brains. The strong relationships between language proficiency and success in 
school suggest we need to learn more about second language acquisition in bilingual 
children (Institute of Education Sciences, 2006). 
Initially, older learners acquire a second language faster, attaining higher 
proficiency than younger learners within the same time period (Asher & García, 1969; 
MacSwan & Pray, 2005; Snow & Hoefnagel-Hohle, 1977, 1978). The opposite is true for 
final attainment, where earlier AoA is related to more native-like proficiency and native-
like neural organization  (e.g., Birdsong, 2006; Birdsong & Molis, 2001; Newport, 1990; 
Weber-Fox & Neville, 1996). As such, proficiency with English and AoA are important 
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factors to consider in interpreting ERP indices of processing in monolingual and bilingual 
children.  
Across the presented studies (nonword rhyming, semantics, and phrase structure) 
proficiency was related to amplitude and latency of ERP effects (Rhyming—RE, 
Semantics—N400, Syntax—LAN and P600) within both monolingual and bilingual 
children. The appearance of the anterior rhyming effect, latency of the posterior rhyming 
effect, along with the distribution of the anterior ERP effect for phrase structure 
violations appeared to be related to AoA even though the range and variability of AoA 
was limited in the sample of bilingual children. More specifically, there was no effect of 
rhyming over anterior sites and the RE onset later in bilingual 6- to 8-year olds of higher 
English proficiency (Chapter III) than in 3- to 5-year old monolingual children where also 
the anterior effect was present (Chapter II). Distribution of the anterior negativity elicited 
by phrase structure violations was left and lateral in higher proficiency monolingual and 
tended to be right and medial in higher proficiency bilingual children. Noteworthy is that 
differences in processing as illustrated by these differences in the ERP effects were 
recorded even though in both these cases bilingual children’s English proficiency were 
within the normal range expected of monolingual children of similar age. Early 
acquisition was thus most important for processing of rhyming and for more automatic 
syntactic than more controlled syntactic processing (P600). These results could be related 
to earlier behavioral studies finding more native like phonology with earlier acquisition 
(e.g., Flege, et al., 1999) and to earlier ERP studies of syntactic processing. In ERP 
studies anterior syntactic effects (i.e., LAN) have been related to more automatic 
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processes and shown more sensitivity to delays in exposure than controlled processes that 
have been related more to proficiency (e.g., Weber-Fox & Neville, 1996). 
 Though the higher proficiency subgroups of bilingual children were within the 
normal range of monolingual children of the same age, this was not the case for the entire 
group. Lingualism groups in the presented studies were matched on age but still differed 
on several aspects including lingualism, AoA, SES, and language proficiency. Bilingual 
children with an AoA of about 4 years and with about 3 years of experience of L2 scored 
on average within normal limits in both English and Spanish proficiency, however 
several children scored below. In fact, bilingual children scored below monolingual 
children in the studies on all proficiency tests. Concerns regarding validity of behavioral 
tests that typically are normalized on monolingual American children have been raised 
several times as these are thought to underestimate bilingual children’s proficiency (Peña, 
et al., 1992; Peña & Quinn, 1997; Restrepo & Silverman, 2001). That is, bilingual 
children in the presented studies could very well be shown to be of higher proficiency had 
more valid tests been available. This led us not to directly compare ERP effects in 
monolingual and bilingual children matched on age and proficiency. Instead effects of 
proficiency within each lingualism group was explored and followed up with comparison 
of whole lingualism groups. Indeed, comparing ERP effects across groups for semantics 
and syntax the bilingual higher proficiency group had a more mature effect than that of 
the monolingual lower proficiency group that showed similar effects to that of the 
bilingual lower proficiency group. Though these sub groups were not compared in 
statistical tests the visual comparisons suggest the proficiency tests that indicated similar 
proficiency in the bilingual higher and the monolingual lower proficiency groups were 
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not valid. Instead of direct comparisons multiple regressions on mean difference 
amplitudes in the ERPs were used within the monolingual and the bilingual group and 
also within all children. The strength of the presented results lay in the convergence i.e., 
amplitude and latency difference with proficiency as described when comparing a) 
monolingual and bilingual groups, b) higher and lower proficiency groups within 
monolingual and bilingual children, and c) multiple regressions on all children and within 
each lingualism group. 
Here, as in many previous studies comparing language proficiency in monolingual 
and bilingual children, the former were of higher SES backgrounds than bilingual 
children. As SES often is related to higher proficiency this was considered a serious 
confound (Gathercole, et al., 1991; Hart & Risley, 1995). In the current studies SES was 
collected such that the relationships to proficiency and ERP effects could be explored. 
Socioeconomic status tended to be related to language proficiency and to AoA and 
exposure within the bilingual group such that children of higher SES tended to have been 
immersed into L2 at a younger age. Though SES distinguished the lingualism groups 
from each other results from correlational analyses suggested this measure was not 
directly related to variations in ERP effects. Instead, the variables that were related to 
SES (proficiency, exposure, and AoA) were implicated as predicting variance in 
amplitude and to some extent distribution of ERP effects. The lack of effects of SES 
could be due to restricted variance within each group and to effects of SES within the two 
groups.  
Parents to all children in the studies filled in a parental questionnaire assembled 
and created by Eric Pakulak. This questionnaire contained extensive information on 
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detailed language usage, such as how many hours a week parents spent reading books in 
English and Spanish with their child, how they helped their children study, etc. This data 
have not yet been analyzed but could possibly explain differences in relationships to SES 
across groups; a previous study found that bilingual children with parents born in South 
or Central America performed better in school than SES matched monolingual children in 
the U.S. (Schwartz & Stiefel, 2006).  
Most studies comparing monolingual and bilingual children’s language 
proficiency have not recorded or described differences in SES between groups. However, 
these previous studies do describe different proficiencies across separable aspects of 
language processing (i.e., phonological awareness, vocabulary, and syntax) between 
groups. More specifically, bilingual children did as well or in some cases even better than 
monolingual children in tests of PA (Bialystok, et al., 2005; Bialystok, et al., 2003). This 
was presumably due to exposure to larger sets of minimal pairs that facilitated learning to 
focus on and discriminate phonemes. In contrast, bilingual children that divide their input 
into two languages have generally smaller vocabulary sizes, and lower proficiency in 
syntax in comparison to monolingual children of either language (Carrow, 1972; 
Fernández, et al., 1992; Gottardo, et al., 2008; Jackson-Maldanado, 2004; Umbel, et al., 
1992). This dissertation replicated findings for previous studies comparing monolingual 
and bilingual children’s proficiency in that vocabulary sizes and syntactic skill were 
lower (e.g. Kohnert, 2000; Carrow, 1972).  
In addition, results from neurocognitive studies linking variation in ERP effects to 
AoA and to proficiency were replicated and described in a) younger monolingual 
children’s processing of nonword rhyming, b) bilingual children’s processing of nonword 
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rhyming, c) monolingual and bilingual children’s semantic effects, and d) monolingual 
and bilingual children’s syntactic effects. The first study reported in this dissertation 
found level of PA, rather than age, to explain the variance in latency and amplitude of the 
posterior reduced negativity for rhyming words (the rhyming effect: RE) in 3- to 5-year 
old monolinguals (Chapter II). This added to earlier findings that latency and amplitude 
differences in the RE are related mainly to proficiency (Coch, et al., 2005).  
In the subsequent study of bilingual 6- to 8-year olds the same relationships were 
found, i.e., latency and amplitude were related to proficiency rather than age or AoA 
within bilingual children. However, more interestingly, latency of the RE in bilingual 6- 
to 8-year old children was later than in 3- to 5- year old monolingual children even if 
bilingual children’s English proficiency were within monolingual children’s normal range 
for that age. These results were surprising and might have implications for second 
language training, as a slowed processing of phonology could potentially affect 
vocabulary acquisition negatively (Milberg, et al., 1995). It is possible that L2 training 
with a specific aim at focusing attention on phonemes, such as distinguishing minimal 
pairs that differ on few parameters such as e.g., voice onset time (VOT) (e.g., bar and 
par) could be helpful for training faster processing of phonology. This approach would be 
similar to that of the reading intervention program Fast ForWord® that initially targeted 
children with speech and language impairment. 
Similar to results from previous studies of adult semantic processing, proficiency 
was shown to affect the amplitude of N400 effects (Ardal, et al., 1990; Hahne, 2001; 
Hernandez & Li, 2007; Neville, et al., 1997; Ojima, et al., 2010; Osterhout & Nicol, 
1999; Osterhout, et al., 2008; Wartenburger, et al., 2003; Weber-Fox & Neville, 1996). 
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This pattern was found in the current studies within and between monolingual and 
bilingual groups. In none of the analyses did AoA explain any variation in amplitude 
when proficiency was controlled for. However, in the population of 6- to 8-year old 
bilingual children it is possible that there was not enough variability in AoA to detect any 
such effects.  
Onset latency and amplitude of the posterior positivity sensitive to phrase 
structure violations were related to syntactic proficiency in both monolingual and 
bilingual children. Amplitude of the anterior negativity was similarly affected by 
proficiency. More interestingly, however, a similar difference in the distribution of the 
anterior negativity that has been reported for adult bilinguals was suggested in 6- to 8-
year-old children. That is, the current study revealed a left lateralized negativity in 
monolingual children of higher proficiency and suggested a right medial negativity in 
higher proficiency bilingual children.  
Effects of proficiency and AoA across three aspects of language have been 
described; the results are consistent with those of previous behavioral studies in that 
phonology and syntax seem more vulnerable to delays in AoA than processing of 
semantics and vocabulary acquisition (Johnson, & Newport, 1989). It is important to note 
that AoA effects were less likely to be found than effects of proficiency due to the limited 
range and variation of AoA, as most children acquired their second language at 4- or 5-
years of age, while proficiency varied greatly. An interesting follow-up analysis relating 
effects across aspects in a within-subject design could better establish effects of 
proficiency and AoA across phonology, semantics, and syntax. Groups of bilingual 
participants in the presented studies overlapped, though not perfectly. However, 26 
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participants have data in all three paradigms (nonword rhyming, semantics, and phrase 
structure violation). For these participants, effects across paradigms could be correlated to 
each other to explore if more mature processing of one aspect (e.g., semantics) would be 
related to more mature processing of other aspects (e.g., rhyming and syntax). 
Alternatively, if participants would rely on the type of processing that was most mature 
and native like (e.g., semantics) also when processing another aspect of their second 
language (e.g., phrase structure). This type of analyses could potentially show a 
developmental pattern in processing of the three different aspects of second language 
acquisition studied (phonology, semantics, and syntax). A developmental pattern of 
acquisition could then be related to proficiency and AoA.  
Additional data were collected along with the presented data. For example, 
responses to Jabberwocky sentences in which all of the open-class words were replaced 
by nonwords but still contained closed class words were collected. These data make it 
possible to compare ERPs elicited by the exact same phrase structure violations with and 
without semantic information. Previous research in adults suggested that once semantic 
information is removed, bilinguals’ processing of phrase structure is more native-like 
(Yamada & Neville, 2006). A reliance on semantics for syntactic processing in early L2 
acquisition have been suggested elsewhere (e.g., Steinhauer, et al., 2009). Thus, it is 
possible that bilingual children would show more native-like effects to phrase structure 
violations once semantic processing is precluded. 
ERPs in response to violations of morphosyntax, more specifically, regular and 
irregular verb agreement, have also been collected. Previous studies of adult bilinguals 
suggest only when L1 contains similar rules will L2 be processed more native-like (i.e., 
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elicit both a lateral anterior negativity and a posterior positivity) (Bialystok & Miller, 
1999; Dowens, et al., 2010; Sabourin & Stowe, 2008; Sabourin, et al., 2006). Studies of 
monolingual Spanish and English children suggest that the more important functions in 
the morphologically richer language (Spanish) generate saliency and advance acquisition 
rate (Brown, 1973; Schnell de Acedo, 1994). Thus, we would hypothesize that our 
sample of bilingual children would display more native-like effects for these types of 
violations.  
Though comparisons across studies are generally difficult to make as 
methodologies and participant groups differ, results in this dissertation converge with 
previously reported results. In sum, these studies suggest 6- to 8-year-old bilingual 
children with an AoA of around 4 who are presented with violations of rhyming, 
semantics, and phrase structure rules in L2 that would have been violations if directly 
translated into L1, show many similarities in processing with native speakers. Bilingual 
native Spanish-speaking children processing of English semantics, syntax, and rhyming 
was similarly affected by proficiency as native English speaking children’s processing 
was. Further, these effects were established to some extent in both lingualism groups in a 
more ecologically valid paradigm than had been utilized in prior research. More 
interestingly, as previously reported in adult bilinguals at final attainment, distribution 
differences of the anterior negativity to phrase structure violations related to AoA were 
replicated in bilingual children during their second language acquisition. 
Theses studies emphasize the importance of developing sensitive neurocognitive 
measures of language processing, especially related to phonology and syntax, for use 
with bilingual children. The results are particularly relevant to the native Spanish-
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speaking children who constitute 20% of the school-aged population in the US 
(Chessman & Jamieson, 2003) and who are more prone to school-failure (Institute of 
Education Sciences, 2006). Results from these studies broaden our knowledge of how 
experience and proficiency shape brain organization in children. This knowledge is 
important especially for developing better language intervention programs for both 
bilingual children and lower-proficiency monolingual children.  
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APPENDIX A 
LISTS OF RHYMING AND NONRHYMING WORD PAIRS 
 
List 1       List 2 
 
Rhyming pairs      Nonrhyming pairs           Rhyming pairs    Nonrhyming pairs 
 
bly gry  blane vox   blane hane  bly shull 
chole thole  blauer flam   blaure fauer  chole pum 
chuz luz  blore plo   blore slore  chuz semp 
caril lale  blug kroar   blug stug  crail tholse 
crute doot  bome slines   bome gome  crute lale 
daip laip  bro slore   bro plo  daip piff 
dat lat  bry pag   bry chy  dat clite 
demp semp  clate pline   clate tate  demp geeled 
doan pone  dabe lum   dabe rabe  doan lat 
dorde morde  daf coom   daf bald  dorde gry 
drere vair  doode keer   doode pud  drere yeate 
fam cham  dreat ged   dreat breet  fam zow 
feap neap  drig stug   drig glig  feap vair 
frield geeled  floos cho   floos toos  frield bood 
gite clite  foo breet   foo voo  gite thurze  
glir flir  fum zi   fum clum  glir meeze 
gox brocks  gee blail   gee gree  goz luz 
grize yise  gines rabe   dines slines  grize morde 
grood bood  gour druze   gour lauer  grood nare 
jate yeate  ji claid   ji zi  jate yise 
kile spile  jite fauer   jite zite  kile pone 
maft yaft  ked voo   ked ged  maft snew 
moce boce  kow deeb   kow sho  moce rin 
mun lun  krobe zite   krobe stobe  mun gef 
murze thurze  kun gre   kun jun  murze hoat 
nake dake  ky tat    ky phy  nake trow 
nef gef  mag yareee    mag pag  nef doot 
nilled dilled  mide gome   mide stide  nilled groll 
nin rin  neeb stide   neeb deeb  nin laip 
nobe drobe  poom dite   poom coom  nobe kwee 
nool shull  pooze lauer   pooze druze  nool drobe 
pake spake  prail stobe   prail blail  pake brocks 
plew snew  rine clume   rine pline  plew dileld 
plol groll  sarp cly   sarp marp  plol neap 
poat hoat  shum hane   shum lum  poat spake 
poe trow  slair jun   slair yare  poe flir 
quo zow  stam glig   stam flam  quo jare 
sare nare  taid chy   taid claid  sare cham  
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List 1(continued)               List 2 (continued) 
 
Rhyming pairs      Nonrhyming pairs           Rhyming pairs    Nonrhyming pairs 
 
siff piff  throre slin   throre kroar  siff jore 
stee kwee  trin phy   trin slin  stee spile 
trum pum  vite balf   vite dite  trum dake 
vease meeze  yi marp   hi cly  vease boce 
vore jore  yocks toos   yocks vox  vore lun 
zare jare  zeer pud   zeer keer  zare yaft 
 198 
APPENDIX B 
INSTRUCTIONS TO CHILD IN ERP SESSION FOR RHYMING 
Instructions: For this part, you will see two funny creatures on the TV. Each creature will 
say a made-up word. Sometimes these made up words sound alike. 
 
Have you heard of rhyming? Do you know what it means when two words rhyme? 
(That’s right) it means they sound the same. 
 
Can you think of some words that rhyme with ‘pie’? (How about ‘cry’, ‘try’, ‘say’?)  
How about ‘pie’ and ‘play’? (How about ‘pie-fun’/’pie-fly’?) 
 
At this point, establish whether or not the child can understand rhyming. If not, try a little 
longer before resigning to answer “don’t know’ with the button presses. If they do, 
continue. 
 
How about a made-up word like “ji?” Can you think of some words that rhyme with ji? 
(How about tree, flea, say?) 
 
Good. So sometimes, words that creatures on the TV say will rhyme (or sound the same); 
sometimes, they won’t.  
 
Listen carefully to what the creatures say. Because, sometimes, another creature will 
show up on the TV and ask you questions. In this game, you have to answer the creature 
to keep on going.  
 
If a creatures asks you “What did the say?” you have to tell this creature what the two 
other creatures said. If a creature asks you “Did they sound alike?” you have to tell 
whether the words the two creatures said rhymed or not (or sounded the same or not). Try 
some examples if necessary.) 
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APPENDIX C 
 
HISTOGRAMS OF BEHAVIORAL RESULTS FOR CHAPTER II 
 
Histogram of Receptive Language scores by age group. Bars in this and subsequent 
figures show normal range (i.e., standard scores of 85-115).  
 
 
Histogram of Receptive Vocabulary scores by age group.  
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Histogram of Fluid Reasoning scores by age group. Normal range is standard scores of 7-
13. 
 
 
Histogram of PA total scores by age group. Scores are percentiles among children of the 
same age. 
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APPENDIX D 
 
L2 QUESTIONNAIRE 
 
Your relation to the child: (for example, mother/caregiver) 
In which country were you born?  
What was the first language you learned?  
What was the second language you learned?  
When at what age did you learn your second language?  
Where did you learn your second language? (for example in what country or school/home  
setting) 
Do you know any more languages? (Please specify language and when you learned to 
speak each of them as well as comparing your skills in each language to other adults 
speaking the same  
language) 
Language:          Age when learned: 
How do you feel your language skills in this particular language compare to those of 
other adult speakers? 
  WORSE      AVERAGE    BETTER 
  1  2  3  4  5 
 
Language:          Age when learned: 
How do you feel your language skills in this particular language compare to those of 
other adult speakers? 
  WORSE      AVERAGE    BETTER 
  1  2  3  4  5 
Language:          Age when learned: 
How do you feel your language skills in this particular language compare to those of 
other adult speakers? 
  WORSE      AVERAGE    BETTER 
  1  2  3  4  5 
Language:          Age when learned: 
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How do you feel your language skills in this particular language compare to those of 
other adult speakers? 
  WORSE      AVERAGE    BETTER 
  1  2  3  4  5 
 
How much do you use English and Spanish in your daily life? Check the box that best 
describes  
your language usage. 
Spanish only 
Spanish frequently, English rarely 
Spanish majority with English used at least 1/4 of the time 
Equal use of Spanish and English 
English majority with Spanish used at least 1/4 of the time 
English frequently, Spanish rarely 
English only 
 
The child’s gender (female or male)?:  
The child’s birth date:  
In which country was the child born?  
 
If the child was not born in the United States: 
 How old was he/she when arriving in the US?  
At what age did the child start using English?  
 
How did he/she learn English? (for example, school, home, community):  
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How did he/she learn Spanish? (for example, school, home, community):  
 
 
 
In response to the questions below, circle the relative frequency with which the child 
heard and spoke Spanish and English at different ages and in different situations. Use the  
following scale: 
1 = Spanish only 
2 = Spanish frequently, English rarely 
3 = Spanish majority with English used at least 1/4 of the time 
4 = Equal use of Spanish and English 
5 = English majority with Spanish used at least 1/4 of the time 
6 = English frequently, Spanish rarely 
7 = English only 
Infant refers here up to the age of 2 years old, while child refers to age 2 or older 
1. As an infant which language(-s) did the child hear overall?  
Spanish only         English only 
    1                     2                     3                     4                     5                     6                     7    
2. Which language(-s) did the infant hear at home?  
Spanish only         English only 
    1                     2                     3                     4                     5                     6                     7    
3. Which language(-s) did the infant hear at other places (for example stores, 
playgrounds,  
relatives)?  
Spanish only         English only 
    1                     2                     3                     4                     5                     6                     7    
 
In the following questions if the language used changed from when the child was an 
infant then  
please specify at what age this change happened. 
4. Which language(-s) does the child currently hear at home?  
Spanish only         English only 
    1                     2                     3                     4                     5                     6                     7    
When did this change? (Age of child)  
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5. Which language(-s) does the child use when playing with friends?  
Spanish only         English only     
1                     2                     3                     4                     5                     6                     7    
When did this change? (Age of child)  
1 = Spanish only 
2 = Spanish frequently, English rarely 
3 = Spanish majority with English used at least 1/4 of the time 
4 = Equal use of Spanish and English 
5 = English majority with Spanish used at least 1/4 of the time 
6 = English frequently, Spanish rarely 
7 = English only 
6. Which language(-s) does the child hear in kindergarten/school?  
Spanish only         English only      
1                     2                     3                     4                     5                     6                     7    
When did this change? (Age of child)  
7. Which language(-s) does the child currently hear at other places?  
Spanish only         English only     
1                     2                     3                     4                     5                     6                     7    
When did this change? (Age of child)  
 
8. What language was spoken to the infant by the primary caregiver or parent?  
Spanish only         English only     
1                     2                     3                     4                     5                     6                     7    
9. What language is currently spoken to the child by primary caregiver or parent? 
Spanish only         English only   
1                     2                     3                     4                     5                     6                     7    
When did this change? (Age of child)  
 
Circle the one best answer to the following questions 
10. How well does the child understand Spanish and English? 
Spanish:  near perfect               well                okay               not much 
English:  near perfect               well  okay               not much 
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11. How well does the child speak Spanish and English? 
Spanish:  near perfect               well  okay               not much  
English:  near perfect               well  okay               not much 
12. Which language does the child feel more comfortable using? 
At home:   Spanish English Spanish and English equally 
With friends:   Spanish English Spanish and English equally 
With relatives:  Spanish English Spanish and English equally 
In school:   Spanish English Spanish and English equally 
Overall:   Spanish English Spanish and English equally 
Questions to the child (given by researcher): 
1. When do you like to speak Spanish? 
Home  friends  school  other: ______________________________ 
2. When do you like to speak English? 
Home  friends  school  other: ______________________________ 
3. Which language do you hear most often? 
At home:   Spanish English Spanish and English (the same) 
In school:   Spanish English Spanish and English (the same) 
With friends:   Spanish English Spanish and English (the same) 
At other places:  Spanish English Spanish and English (the same) 
On TV:   Spanish English Spanish and English (the same) 
4. Which language do you understand best?  
   Spanish English Spanish and English (the same) 
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APPENDIX E 
 
HISTOGRAMS OF BEHAVIORAL RESULTS FOR CHAPTER III 
 
 
 
Histogram of Receptive Language scores. Bars in this and subsequent figures show 
normal range (i.e., standard scores of 85-115).  
 
Histogram of Receptive Vocabulary scores.  
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Histogram of Fluid Reasoning scores. Normal range is standard scores of 7-13. 
 
 
Histogram of Receptive Language scores by proficiency group. In this and subsequent 
figures: HP: Bilingual higher proficiency group; LP: Bilingual lower proficiency group. 
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Histogram of Receptive Vocabulary scores by proficiency group.  
 
 
 
Histogram of Fluid reasoning scores by proficiency group. Normal range is standard 
scores of 7-13.  
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APPENDIX F 
STIMULI WORDS IN SEMANTICS 
 
Animal Cup Ice Sister 
Arm Day Ice-cream Ski 
Back Dinner Lady Sky 
Backyard Door Leg Sled 
Ball Eyes Mailman Snow 
Basket Face Mouth Star 
Beds Fin Music Street 
Belly Flour Name Student 
Blanket Food Noise Sun 
Block Fork Nose Tears 
Board Friend Pants Toast 
Bottle Game Paper Toy 
Box Ground Penguin Truck 
Boys Hand People Vegetables 
Bubbles Hat Potatoes Wall 
Castle Head Present Window 
Chair Hill Roof Wood 
Cheese Holes Rope Yard 
Child Homes Scarf  
Cloud House Sink  
 
Words used in both congruent and incongruent contexts with some words introduced 
multiple times.
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APPENDIX G 
 
EXAMPLES OF SEMANTIC SENTENCE PAIRS 
 
The snowman doesn't have a nose on his 
face now. 
The snowman doesn't have a nose on his hill 
now. 
He turns the snowman's head to the 
right. He turns the snowman's wall to the right. 
The penguin skis across the ice toward 
Pingu. 
The penguin skis across the ball toward 
Pingu. 
He waves his hand to stop him. He waves his door to stop him. 
There isn't a cloud in the sky today. There isn't a cloud in the sled today. 
Pingu rides on the wood over the snow. Pingu rides on the friend over the snow. 
He crashes into the wall and falls down. He crashes into the music and falls down. 
Pingu is upset with this penguin for 
laughing. 
Pingu is upset with this ice cream for 
laughing. 
Pingu can go across the snow now too. Pingu can go across the head now too. 
Pingu's friend goes down the hill and up 
the other side. 
Pingu's friend goes down the wood and up 
the other side. 
Pingu follows his friend down the hill. Pingu follows his flour down the hill. 
Pingu rocks on the skis back and forth. Pingu rocks on the friends back and forth. 
Pingu's friend stands on one leg and 
smiles. 
Pingu's friend stands on one music and 
smiles. 
He rides down the hill on his skis. He rides down the ball on his skis. 
He slides on his back down the hill. He slides on his bottle down the hill. 
Pingu is laying on the ground too. Pingu is laying on the arms too. 
Pingu throws the broken ski down. Pingu throws the broken face down. 
The penguin waves his arms and turns 
around. The penguin waves his hill and turns around. 
The penguins are good friends forever. The penguins are good vegetables forever. 
Pingu nods his head. Pingu nods his leg. 
 
All the 20 semantic sentence pairs for one out of five Pingu movies (each containing 100 
sentences) presented to children. 
Critical words in bold.  
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APPENDIX H 
INSTRUCTIONS TO CHILD IN ERP SESSION FOR PINGU 
Now (first) we're going to listen to a few stories about Pingu. Have you heard of 
Pingu before?  (well then you know that) Pingu is a silly penguin who lives with his mom 
and dad in an ice house. He has a sister named Pinga, but she isn't in the first story. You 
are going to listen to the stories about Pingu, but you can also watch the TV. Your job is 
to sit still, listen to the story as best you can, and pay attention to what it says. Now, there 
will be some sentences that sound funny because sometimes the penguins speak penguin 
language instead of English. Penguin language is hard to understand, but the penguins 
talk like we do, except they use different words. Are you ready to hear the story about 
Pingu?  OK. 
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 APPENDIX I 
HISTOGRAMS OF BEHAVIORAL RESULTS FOR CHAPTER IV 
 
 
Histogram of Receptive Language scores by lingualism group. Bars in this and 
subsequent figures show normal range (standard scores of 85-115). 
 
 
Histogram of Receptive Vocabulary scores by lingualism group.  
  213 
 
Histogram of Fluid Reasoning scores by lingualism group. Normal range is standard 
scores of 7-13. 
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Histogram of Receptive Language scores by group. In this and subsequent figures: MHP: 
Monolingual higher proficiency group; MLP: Monolingual lower proficiency group; 
BHP: Bilingual higher proficiency group; BLP: Bilingual lower proficiency group. 
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Histogram of Receptive Vocabulary scores by group.  
  
Histogram of Fluid Reasoning scores by group. 
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 APPENDIX J 
 
EXAMPLES OF SYNTACTIC SENTENCE PAIRS 
 
Pingu comes outside of this igloo. Pingu comes outside of his this igloo. 
He looks at this carrot on the ground. He looks at that this carrot on the ground. 
He puts the carrot on this snowman. He puts the carrot on his this snowman. 
Now he walks around that snowman. Now he walks around this that snowman. 
He sits on this sled. He sits on his this sled. 
Pingu stands by that igloo and watches. Pingu stands by this that igloo and watches. 
But he goes away on these skis. But he goes away on those these skis. 
They leave the sled next to this igloo. They leave the sled next to that this igloo. 
He steps on this piece of wood. He steps on that this piece of wood. 
Pingu rocks on those new skis. Pingu rocks on these those new skis. 
Pingu skis up this big hill. Pingu skis up that this big hill. 
His friend walks sideways up that hill. His friend walks sideways up this that hill. 
The penguin shakes on these skis. The penguin shakes on those these skis. 
Pingu's friend is on top of that hill too. Pingu's friend is on top of this that hill too. 
He steps on those skis. He steps on these those skis. 
He yells at his friend. He yells at that his friend. 
He is not very good with those skis. He is not very good with these those skis. 
He skis over those bumps. He skis over these those bumps. 
Pingu goes down that hill now too. Pingu goes down this that hill now too. 
Pingu skis around these bumps. Pingu skis around those these bumps. 
 
All the 20 phrase structure canonical/violation sentence pairs for one out of five Pingu 
movies (each containing 100 sentences) presented to children. Critical words in bold.  
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APPENDIX K 
 
HISTOGRAMS OF BEHAVIORAL RESULTS FOR CHAPTER V 
 
 
  
Histogram of Receptive Language scores by lingualism. Bars in this and subsequent 
figures represent normal range (i.e., standard scores of 85-115 in Receptive Language, 
Receptive Vocabulary, and 7-13 for Fluid Reasoning). 
  218 
 
Histogram of Receptive Vocabulary scores by lingualism.  
 
Histogram of Fluid Reasoning scores by lingualism.  
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Histogram of Receptive Language scores by proficiency group. In this and subsequent 
figures: MHP: Monolingual higher proficiency group; MLP: Monolingual lower 
proficiency group; BHP: Bilingual higher proficiency group; BLP: Bilingual lower 
proficiency group. 
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Histogram of Receptive Vocabulary scores by Proficiency group.  
  
Histogram of Fluid Reasoning scores by proficiency group.  
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APPENDIX L 
MULTIPLE REGRESSIONS TABLE FOR FRONTAL EFFECT 
 
 
       Time window       Model  R2-chg    F-values         ß-weights    
M    100-200 ms    1    .09        F(1,34) = 3.37, p = .075    CD: ß = -.30 
      2    .01        F(1,33) = .39, p = .538       WC: ß = -.14 
      3    .02        F(1,32) = .78, p = .384       SS: ß = .21 
      4    .00        F(1,31) = .11, p = .746       Gender: ß = .06 
 
       200-800 ms    1    .00        F(1,34) = .10, p = .753       CD: ß = -.05 
      2    .19        F(1,33) = 7.75, p = .009    WC: ß = -.57 
      3    .00        F(1,32) = .00, p = .947       SS: ß = .02 
      4    .03        F(1,31) = 1.00, p = .324    Gender: ß = -.16 
       
       800-1500 ms    1    .00        F(1,34) = .04, p = .853      CD: ß = .03 
      2    .11        F(1,33) = 4.25, p = .047    WC: ß = -.44 
      3    .00        F(1,32) = .04, p = .849      SS: ß = -.05 
      4    .11        F(1,31) = 4.40, p = .044    Gender: ß = -.34 
 
B    100-200 ms    1    .00        F(1,36) = .07, p = .795       CD: ß = .04 
      2    .03        F(1,35) = .89, p = .352       SS: ß = -.19 
      3    .01        F(1,34) = .42, p = .523       WC: ß = -.13 
      4    .01        F(1,33) = .22, p = .646       AoA: ß = .08 
 
       200-800 ms    1    .01        F(1,36) = .26, p = .612      CD: ß = -.09 
      2    .01        F(1,35) = .31, p = .579       SS: ß = -.12 
      3    .00        F(1,34) = .02, p = .880       WC: ß = -.03 
      4    .01        F(1,33) = .47, p = .499       AoA: ß = .12 
       
       800-1500 ms    1    .00        F(1,36) = .12, p = .734       CD: ß = .06 
      2    .00        F(1,35) = .05, p = .832       SS: ß = -.04 
      3    .01        F(1,34) = 2.96, p = .095    WC: ß = -.35 
      4    .01        F(1,33) = .00, p = .978       AoA: ß = .01   
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        Time window       Model R2-chg    F-values          ß-weights    
All    100-200 ms    1    .00        F(1,73) = .01, p = .939        CD: ß = -.01 
      2    .00        F(1,72) = .27, p = .604        SS: ß = -.08 
      3    .02        F(1,71) = 1.36, p = .247     WC: ß = -.19 
      4    .05        F(1,71) = 4.03, p = .049     Ling: ß = -.27 
 
       200-800 ms    1    .00        F(1,73) = .00, p = .959       CD: ß = .01 
      2    .01        F(1,72) = 1.04, p = .311     SS: ß = -.15 
      3    .06        F(1,71) = 4.95, p = .029     WC: ß = -.35 
      4    .02        F(1,70) = 1.43, p = .237     Ling: ß = -.16 
       
       800-1500 ms    1    .00        F(1,73) = .15, p = .702        CD: ß = .05 
      2    .05        F(1,72) = 3.68, p = .059     SS: ß = -.27 
      3    .03        F(1,71) = 2.25, p = .138     WC: ß = -.23 
      4    .00        F(1,70) = .26, p = .612        Ling: ß = .07   
      
 
 
Note. Mean difference amplitude over frontal sites as criterion. Nuisance variable: age. Stepwise 
entered variables for M: CD, WC, SS, gender; for B: CD, SS, WC, AoA; for All: CD, SS, WC, ling. 
R2-chg = R2-change, M = Monolinguals, B = Bilinguals, All = All participants combined, SS = 
Sentence structure, WC = Word Class, CD = Concepts and Directions, ling = lingualism. 
Lingualism: monolinguals coded as 1, bilinguals as 2. Gender: boys coded as 1, girls as 2.  
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APPENDIX M 
MULTIPLE REGRESSIONS TABLE FOR POSTERIOR EFFECT 
 
      Time window         Model R2-chg    F-values          ß-weights 
   
M    300-500 ms    1    .05        F(1,34) = 1.64, p = .209     CD: ß = .21 
      2    .07        F(1,33) = 2.47, p = .126     WC: ß = .34 
      3    .00        F(1,32) = .08, p = .776        SS: ß = .07 
      4    .11        F(1,31) = 4.45, p = .043     SES: ß = -.34 
      5    .00        F(1,30) = .01, p = .923       Age: ß = .02 
 
       500-700 ms    1    .07        F(1,34) = 2.44, p = .128     CD: ß = .26 
      2    .06        F(1,33) = 2.25, p = .143     WC: ß = .32 
      3    .02        F(1,32) = .73, p = .400       SS: ß = .20 
      4    .11        F(1,31) = 4.37, p = .045     SES: ß = -.34 
      5    .02        F(1,30) = .72, p = .402       Age: ß = .18 
 
       700-1000 ms    1    .01        F(1,34) = .44, p = .510       CD: ß = .11 
      2    .14        F(1,33) = 5.41, p = .026     WC: ß = .49 
      3    .00        F(1,32) = .10, p = .751       SS: ß = .08 
      4    .14        F(1,31) = 6.09, p = .019     SES: ß = -.39 
      5    .03        F(1,30) = 1.52, p = .227     Age: ß = .24 
 
     1000-1500 ms    1    .02        F(1,34) = .69, p = .413       CD: ß = .14 
      2    .15        F(1,33) = 5.84, p = .021     WC: ß = .50 
      3    .01        F(1,32) = .39, p = .539       SS: ß = .14 
      4    .08        F(1,31) = 3.35, p = .077     SES: ß = -.29 
      5    .04        F(1,30) = 1.86, p = .183     Age: ß = .28 
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      Time window        Model R2-chg    F-values           ß-weights 
   
B    300-500 ms    1    .00        F(1,36) = .08, p = .784       CD: ß =.05 
      2    .02        F(1,35) = .55, p = .464       WC: ß = -.15 
      3    .04        F(1,34) = 1.26, p = .270     SS: ß = .23 
      4    .08        F(1,33) = 3.11, p = .087     Age: ß = .36 
      5    .04        F(1,32) = 1.66, p = .207     AoA: ß = .22 
 
       500-700 ms    1    .00        F(1,36) = .02, p = .881       CD: ß = .03 
      2    .05        F(1,35) = 1.78, p = .191     WC: ß = -.27 
      3    .04        F(1,34) = 1.29, p = .264     SS: ß = .23 
      4    .00        F(1,33) = .13, p = .719       Age: ß = .08 
      5    .00        F(1,32) = .10, p = .760       AoA: ß = .06 
       
       700-1000 ms    1    .05        F(1,36) = 1.98, p = .168     CD: ß = .23 
      2    .01        F(1,35) = .38, p = .544       WC: ß = .12 
      3    .02        F(1,34) = .57, p = .457       SS: ß = .15 
      4    .02        F(1,33) = .72, p = .403       Age: ß = .18 
           5    .04        F(1,32) = 1.29, p = .265     AoA: ß = .20 
 
     1000-1500 ms    1    .02        F(1,36) = .90, p = .348       CD: ß = .16 
      2    .02        F(1,35) = .71, p = .405       WC: ß = .17 
      3    .00        F(1,34) = .05, p = .833       SS: ß = -.04 
      4    .12        F(1,33) = 4.51, p = .041     Age: ß = .43 
      5    .02        F(1,32) = .90, p = .349       AoA: ß = .16 
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          Time window        Model R2-chg    F-values           ß-weights 
   
      
All   300-500 ms    1    .03        F(1,72) = 2.56, p = .114     CD: ß = .19 
      2    .03        F(1,71) = 1.89, p = .174     SS: ß = .20 
      3    .00        F(1,70) = .16, p = .694        WC: ß = .06 
      4    .02        F(1,69) = 1.23, p = .272     Age: ß = .16 
      5    .02        F(1,68) = 1.14, p = .289     Ling: ß = -.15 
 
       500-700 ms    1    .04        F(1,72) = 3.20, p = .078     CD: ß = .21 
      2    .04        F(1,71) = 2.79, p = .099     SS: ß = .24 
      3    .00        F(1,70) = .00, p = .974       WC: ß = -.01 
      4    .01        F(1,69) = .36, p = .551       Age: ß = .09 
      5    .03        F(1,68) = 2.02, p = .160     Ling: ß = -.19 
       
       700-1000 ms    1    .06        F(1,72) = 4.48, p = .038     CD: ß = .24 
      2    .02        F(1,71) = 1.47, p = .230     SS: ß = .17 
      3    .05        F(1,70) = 3.81, p = .055     WC: ß = .30 
      4    .02        F(1,69) = 1.83, p = .180     Age: ß = .19 
       5    .02        F(1,68) = 1.32, p = .256     Ling: ß = -.15 
     
     1000-1500 ms    1    .05        F(1,72) = 3.91, p = .052     CD: ß = .23 
      2    .01        F(1,71) = .58, p = .447       SS: ß = .11 
      3    .07        F(1,70) = 5.52, p = .022     WC: ß = .36 
      4    .06        F(1,69) = 5.23, p = .025     Age: ß = .31 
      5    .02        F(1,68) = 1.30, p = .259     Ling: ß = -.15 
      
 
Note. Mean difference amplitude over frontal sites as criterion. Nuisance variable: age. Stepwise 
entered variables for M: CD, WC, SS, gender; for B: CD, SS, WC, AoA; for All: CD, SS, WC, ling. 
R2-chg = R2-change, M = Monolinguals, B = Bilinguals, All = All participants combined, SS = 
Sentence structure, WC = Word Class, CD = Concepts and Directions, ling = lingualism. 
Lingualism: monolinguals coded as 1, bilinguals as 2. Gender: boys coded as 1, girls as 2.  
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